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SCIENTIFIC MEETINGS DURING JANUARY, 1951 


LONDON. 
Thursday, January 18th, 1951, at 7.30 p.m. 


Centenary Lecture, Structure and Enzymatic Breakdown of Proteins, by Professor 
Dr. K. Linderstrom-Lang (Copenhagen). 





ABERDEEN. 
Thursday, January 18th, 1951, at 7.30 p.m. 


Lecture, Photography as a Scientific Implement, by Dr. H. Baines, F.R.1.C. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Department, Marischal College, Aberdeen. 





BIRMINGHAM. 
Friday, January 26th, 1951, at 4.30 p.m. 
Lecture, The Structure of Recently Isolated Timber Extraciives, by Professor F. E. 
King, M.A., D.Phil. 


Joint meeting with the University Chemical Society, to be held in the Chemical Lecture 
Theatre, The University, Edgbaston, Birmingham. 





BRISTOL. 
Thursday, January 11th, 1951, at 7 p.9m. 


Lecture, Modern Laboratory Glass Apparatus, by Messrs. Quickfit and Quartz. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical Industry, 
to be held in the Chemistry Department, The University, Bristol. 





EDINBURGH. 
Thursday, January 18th, 1951, at 7.30 p.m. 
Lecture, Some Problems in the Structure and Physical Properties of Industrial High 
Polymers, by Professor P. D. Ritchie, Ph.D. 


Joint meeting with the Royal Institute of Chemistry and the Society of Chemical! Industry, 
to be held in the North British Station Hotel, Edinburgh. 





EXETER 
Friday, January 19th, 1951, at 5 p.m. 





Meeting for the reading of original papers. 
To be held in the Washington Singer Laboratories, Prince of Wales Road, Exeter 


GLASGOW. 
Friday, January 19th, 1951, at 7.15 p.m. 


Lecture, Positive Ions in Aromatic Substitutions, by Professor C. K. Ingold, D.Sc., 
F.R.S. 


To be given in the Chemistry Department, The University, Glasgow 











IRISH REPUBLIC. 
Wednesday, January 3ist, 1951, at 7.45 p.m. 


Lecture, William Higgins (1763-1825), by Professor T. S. Wheeler, D.Sc., F.R.LC. 


To be given in the Chemistry Department, University College, Upper Merrion Street, Dublin 





LEEDS 
Tuesday, January 16th, 1951, at 6.30 p.m 


Centenary Lecture, Strueture and Enzymatic Breakdown of Proteins, by Professor 
Dr. K. Linderstrem-Lang (Copenhagen), 





To be given in the Department of Chemistry, The University, Leeds 


LIVERPOOL 
Thursday, January 25th, 1951, at 4.30 p.m. 





Lecture, The Mammary Gland as a Factory, by Professor H. D. Kay, C.B.E., D.Sc., 
F.RS 
Joint meeting with the Royal Institute of Chemistry, the Society of Chemical Industry, and 


the British Association of Chemists, to be held in the Chemistry Lecture Theatre, The 
University, Liverpool 


MANCHESTER 
Thursday, January 25th, 1051, at 6.30 p.m 





Lecture, Some Recent Developments in Macrocycliic Pigments, by Professor R. P 
Linstead, C.B.E., D.Se., F.R.S 


Joint meeting with the University Chemical Society, to be held in the Chemistry Lecture 
Theatre, The University, Manchester 


NEWCASTLE AND DURHAM. 
Monday, January 22nd, 1951, at 5 p.m 





Centenary Lecture, Structure and Enzymatic Breakdown of Proteins, by Professor 


Dr. K. Linderstrem-Lang (Copenhagen) 
To be given in the Chemistry Building, King’s College, Newcastle-on-Tyne 
NORTHERN IRELAND 
Wednesday, January Oth, 1051, at 7.30 p.m 





Jomt ng with the Royal Institute of Chemustr and the Society 


to be held in the Lecture Theatre, Department of Agr 


Lecture, The Photographic Image, by Dr. H. KR. Wright, A.R.L 


‘7 INDREWS AND DUNDE!I 


Frida January 12/4. 1051. af 5.15 Om 





lecture, The Synthesis of Some Natural Products by means of Acetylenic Compounds, 
by Dr. R.A Rapt wl, A R« = \ k Lf 
Joint meeting with St. Andrews University (4 wiety, to be he n the 


' 
Department. t 


Chemistry 


Andrews 


Thursday, January 18th, 1951, af 5.15 p.m 





Lecture by Professor A. R. Ubbelo! 


To be given in the Chemistry Dep 














Friday, January 26th, 1951, at 5.15 p.m. 


Lecture, A Chemist in Industry, by Mr. R. S. Lumsden, B.Sc. 


Joimt meeting with St. And Uai ity Chemical Society, to be held in the Chemistry 
Department, United College, St. Andrews 








SHEFFIELD. 
Monday, January 15th, 1951, at 5.30 p.m. 
Centenary Lecture, Structure and Enzymatic Breakdown of Proteins, by Professor 


Dr. K. Linderstrom-Lang (Copenhagen). 
To be given in the Chemistry Lecture Theatre, The University, Shetheld 





SOUTHAMPTON. 
Friday, January 26th, 1951, at 5 p.m. 


Lecture, Neutron Diffraction by Crystals, by Professor K. Lonsdale, D.Sc., F.R.S. 


Joint meeting with University College Chemica! and Physica! Societies and the Mid-Southern 
Counties Section of the Royal Institute of Chemistry, to be held in the Physics Department, 
University College, Southampton 





SOUTH WALES. 
Friday, January 26th, 1951, at 6 p.m. 


Lecture, Homolytic Aromatic Substitution, by Professor D. H. Hey, D.Sc., F.R.LC. 


Jomt meeting with University College of Cardiff Chemical Society, to be held at University 
College, Cardiff. 














PROCEEDINGS 


CHEMICAL SOCIETY 





Minutes of a 
SCIENTIFIC MEETING 
heid at Burlington House, London, W.1, on November 2nd, 1950, at 2.30 p.m. 


The President, Proressor E. K. Ripeat, M.B.E., M.A., D.Sc., F.RLS., was im the 
Chair, and welcomed Professor H. Erdtman and Mrs. G. Aulin-Erdtman, of Stockholm, 
and Professor |. P. Wibaut, of Amsterdam 


MINUTES. 

The Minutes of the Scientific Meetings held at Burlington House and the University of 
Manchester on October 12th and 19th respectively were read, and were confirmed and 
signed 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society Holger Erdtman, Gerald Bulmer, 
K. G. Neill, E. F. L. J. Anet, S. J. Davis, J. B. Stenlake, F. A. L. Anet, Peter H. Gore, 
Vhillip R. Jefferies, K. J. Morgan, C. A. Finch, J. C. Dacre, R. Thomas, C. R. Addinall, 
A. 1. Seott, A. R. M. Gibb, J. Jack, B. J. Abadir, A. S. Shoukry 


SYMPOSIUM. 


The President called upon Professor J. W. Cook, to introduce the Symposium entitled 
Tropolones and Allied Compounds,”’ and the following contributions were made 


Biogenesis of Tropolones,’’ by Sir Robert Robinson 
Theoretical Considerations,’’ by Dr. M. J. S. Dewar 
Thujaplicins,”” by Professor H. Erdtman 
Stipitatic, Puberulic, and Puberulonic Acids,’ by Professor A. R. Todd and Dr. A. W. 
Johnson 
Colchicine,’ by Dr. J. D. Loudon 
A general discussion followed, and the meeting then adjourned until 7.30 p.m 


At the evening session Professor |. W. Cook, D.Sc., F.R.S., Vice-President, took the 
(Chair, and the Symposium continued with the following contributions 


Purpurogallin and Some Degradation Products,"’ by Professor R. D. Haworth 
Synthetic Tropolones—-General Chemistry,"’ by Dr. R. A. Raphael 
Ultra-violet absorption,” by Mrs. G. Aulin-Erdtman 
X-Ray Studies on Tropolone,”’ by Professor J. M. Robertson 
The Infra-Red Spectrum of Tropolone,”’ by Dr. H. P. Koch and Dr. W. Moffitt 
At the conclusion of the discussion, Professor A. R. Todd, F.R.S., proposed a vote of 
thanks to the contnbutors to the Symposium which was carned with acclamation 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, London, W.1, on November 16th, 1950, at 7.30 p.m. 


The President, Proressor E. K. Riprat, M.B.E., M.A., D.Sc., F.R-S., was in the Chair 
and welcomed Professor |. Packer, of Christchurch, New Zealand 











The Minutes of the Scientific Meeting held at Burlington House on November 2nd, 
1950, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society: J. M. Popiel, D. A. H. Taylor, 
J. C. Crawhall, J. Packer, Edward Leete, B. W. Langley, H. G. Khorana, R. C. Mehrotra. 
SCIENTIFIC COMMUNICATIONS. 
The following papers were read and discussed 
Macrozamin. Part II. The Presence of Linked Nitrogen Atoms in the Aglycone 
Part,” by B. W. Langley, B. Lythgoe, and N. V. Riggs. 
‘Studies in the Organic Chemistry of Sulphur. Part II. The Alkaline Fission of 
some §-Aryloxyethyldimethylsulphonium lodides,’’ by P. Mamalis and H, N. Rydon. 


‘An Experimental Study of some Potentially Tautomeric 2- and 4(6-)Substituted 
Pyrimidines,"’ by J. R. Marshall and J. Walker. 


Minutes of a 
SCIENTIFIC MEETING 
held in the Physics Department, University College, Southampton, on Friday, 
November 17th, 1950, at 5.30 p.m. 
The President, Proressor E. K. Ripeat, M.B.E., M.A., D.Sc., F.R.S., was in the 
? M The President replied to Professor N. K. Adam, who had extended a warm welcome to 


the Society on the occasion of the first Official Meeting to be held at Southampton, and 
expressed his pleasure in being able to take the Chair. 


FORMAL ADMISSION OF FELLOWS. 


The following were admitted Fellows of the Society : 1. G. M. Campbell, R. big iy 
B. Pearce, N. Kies, K. R. Webb, J. W. James, F. D. Hill, W. E. Laird, P. W. Soanes, J. € 
Wiltshire, J. D. Sutton, D. E. Parkes, R. C. Asher, A. Sparks. 


LECTURE. 


The President called upon Sir Cyril Hinshelwood, F.R.S., to deliver the lecture entitled 
Kinetics of the Bacterial Cell.” 


At the conclusion of the lecture a vote of thanks to Sir Cyril Hinshelwood, proposed 
by Dr. N. B. Chapman, was carried with acclamation. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows 


Percy Corlett Fae fs xe 
Edward Eric Billington (West Kirby) .. 
David Richard Davey (Hatfield) 
Ernest Fourneau (Paris)... ES 
Charles Arthur Hallas (N. 12) 
Gordon Telford Ken 

ames McCracken (G 


cdward Masters ( 
S. 1933-36; V. 


Samuel Sugden ) Cc. 1928-31; 
Pisa ieee 
Johannes Antonius Lebuinus Pras eed 


Lande (Holland) 


Elected. 
uly Sth, 1906. 


Mar. 16th, 1944. 
une 2ist, 1917. 


. Sth, 1929. 
May Ist, 1947. 


Nov. 18th, 1043. 


Feb. 16th, 1899. 
Dec. 2nd, 1897. 


Feb. 15th, 1917. 
June 3rd, 1948, 


Died. 
Nov. 3rd, 1960. 
Oct. 28th, 1950 
Oct. 23rd, 1950 
.% 
‘ . . 1950, 
New. 2nd, 1950. 


July 11th, 1950. 
. 26th, 1949. 
Oct. 20th, 1950. 
Sept. 25th, 1949. 





The following 32 candidates were elected Fellows of the Chemical Soctety on November 


16th, 1950 


Colin Willgoose Brown 
Derek Clieold Burke 
ohannes | rancots Coetzee 
Norman Sidney Curtis 
Samuel Kaymond Duff 
Bernard Oscar Elmore 
George Alec Findley 
— Kenneth Foreman 
tIhamy Kiad Gindy 
Prank Herz! Herbstein 
Arthur Kentaro Hoffmann 
Hrvoje lvekovu 
Theodore Anthony Koenmg 
Paul MacDonell Laughton 
ames Victor Percival Long 
— Michael Lyons 


Tsu Sheng Ma 
lan R. MacGregor 
Anthony Peter thas 
oachim Maynard 
xwell Nager 
Algurdas Charles Poshkus 
Kar! Howard Overton 
Alberto Jose Nunes Corres Kalha 
Hanna Rosen : 
eftrey Sinclair Loum Scaife 
tdwin Percy Albert Sullivan 
ack Swaine 
an Fenwick Trotter 
Owen Howard Wheeler 
G F. Wright 
Abraham David Yotie 





CONGRATULATIONS 
(a) Fifty Years of Fellowship. 
The President has conveyed the congratulations of the Society to the following Fellows 
who have recently completed fifty years of Fellowship 
John Beresford Leathes (Worthing). 
Oswald Silberrad (Loughton). 


(b) Medals of the Royal Soctety. 


The President has also conveyed the congratulations of the Society to Sir John Simonsen, 
D.Se., F.R.S., on the award of a Davy Medal. 


ic) Nobel Laureate 


The President has conveyed the congratulations of the Society to Professor T. Reichstein 
(Honorary Fellow) on the award of the Nobel Prize for Medicine for 1950. 


VACANCIES ON COUNCIL. 


The following vacant places on the Council fall due to be filled at the Annual General 
Meeting to be held in London on Wednesday, March 21st, 1951 


Office No. of Names of Members who 
Vacancies are due to retire 
Vice-Presidents who have not filled the Office of 
President THREE Mr. R. P. Bell 

Dr. G. M. Bennett 
Professor A. R. Todd 
Professor D. H. Hey 
Professor E. D. Hughes 


Honorary Secretaries 


Elected Ordinary Members of Council! 
Constituency | (South-East England Dr. A. H. Cook 
Dr. L. E. Sutton 


Professor Gwyn Williams 
Constituency I! (Central and South-West England 
and South Wales) 


Dr. L. L. Bircumshaw 
Dr. T. Malkin 


Constituency Ill (North-West England. North Wales 


and Isle of Man ONE Dr. G. Baddeley 
Constituency IV (North-East England) ONE Professor G. R. Clemo 


Constituency V (Scotland ONE Professor F. S. Spring 
Constituency VI (Ireland ONE Professor T. S. Wheeler 
With the exception of Professor E. D. Hughes, Professor Gwyn Williams, and Dr. G. 
Baddeley, who were appointed under Bye-Law 42, the members who are to retire are not 
eligible for re-election to the same Office until after a lapse of one vear. 
No vacancy arises for the Ofhee of President. 











In accordance with Bye-Law 23, the Council have nominated Professor E. D. Hughes 
and Dr. L. E. Sutton to fill the vacancies in the Office of Honorary Secretary. Nominations 
by Fellows for the Offices of Honorary Secretary or Vice-President should be made in writing, 
and must be signed by at least twenty Fellows. 

Fellows resident in a constituency may nominate any Fellow resident in that constituency 
for election to the Council to fill a vacancy among Elected Ordinary Members of Council 
allotted to that constituency. Every such nomination must be in writing signed by at least 
fifteen Fellows resident in that constituency. 

Fellows may obtain forms of nomination from the General Secretary, and should state 
the vacancy for which they are requested. Every nomination must relate to one vacant 
place only, and must be accompanied by a signed declaration by the nominee that he is 
willing to accept office, if elected. Nominations must be received by the Society not later 
than Wednesday, February l4th. 


RESEARCH GRANTS. 
a Council have approved the following grants from the Research Fund 
H. R. Barton, Birkbeck College, London. “ The chemistry of the 
vata 
_ E. A. Braude, Imperial College, London. " Synthesis of azulenes " 
» Se Oe Briggs, University College, Auckland, N.Z. “ Plant products of New 
Zealand 
_ Ishbel G. M. Campbell, University College, Southampton. @ ‘' The con- 
figuration of heterocyclic antimony compounds.” (ii) “ The stereo 
chemistry of triarylstibines " ik ww ; oe ins 
» he esas WS Imperial College, London. “ Stereochemistry of olefinic 
RA. ell University College of North Ww ales, Bangor. Amino-acid 
composition of certain plant proteins '’ - , 
CH, Giles, Royal Techmical College, Glasgow. = Study of surface ac tivity 
of dy es . oe ove oo 
» ra Holt, The University, Reading. ‘Colour reactions of 3-indolyl 
derivatives " 
. H. B. Hopkins, King’ s( “ollege ‘of Household ‘and Soc ial Science. “' Re 
actions of organic cations containing sulphur "' ‘a 
. R. F. Hudson, Queen Mary College, London. “ Effect of diortho-sub- 
stitution on the mechanism of solv olysis of aromatic halides "’ 
_ K. J. lvin, The University, Leeds.“ The influence of structure on heats and 
entropies of polymerisation ’ Se ; 
. P. Johnson, Department of Colloid Science, Cambridge. ‘The physico 
chemical examination of high polymers i in solution * 
. J. K. N. Jones, The University, Bristol. ‘* Synthesis of the sugars” : 
. F. N. Lahey, University of Queensland, Brisbane, Australia. ‘‘ Australian 
plant products ”’ ... “ ~ , 
. D. F. Muggleton, Queen Mary College, London. “ Electrical conductivity, 
in some non-aqueous solvents, of salts having large molecules " 
. E. R. A. Peeling, University College, Leicester. ‘‘ The kinetics of low- 
pressure catalytic hydrogenation of aromatic substances "’. fa 
P. F. G. Praill, King's College of Household and Social Science, London. 
‘ Reactions of organic cations "’ : wee er ons 
Dr. G. R. Ramage, The Technical College, “Huddersfield. “ 6-Caryophyllene " 
Mr. L. A. K. Staveley, Inorganic Chemistry Laboratory, Oxford. “‘ Low- 
temperature calorimetry *’ 
Professor A. R. Ubbelohde, Queen's U niversity, Belfast. ° Isotope effects in 
the solid state "’ . 
. J. S. Whitehurst, Washington Singer Laboratories, Exeter. “ Friedel 
Crafts acylations in the naphthalene series *’ ; * ; 
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GIFT OF PUBLICATIONS. 


Acknowledgment is made of a gift of the Society's publications from Dr. E. de Barry 
Barnett 


INTERNATIONAL CHEMICAL MEETINGS IN THE UNITED STATES IN SEPTEMBER, 
1961. 
The British National Committee for Chemistry of the Royal Society wishes to draw 
the attention of British chemists to the following meetings : 


Meeting of the American Chemical Society at New York (September 3rd—7th, 1951). 

Meetings of the Executive Committee and of the Council and Commissions of the Inter- 
national Union of Pure and Applied Chemistry at New York (September Sth—9th, 
1951) 

Congress of Pure and Applied Chemistry at New York (September 10th—-13th, 1951). 

Continuation of the Conference of the Union and Fiftieth Anniversary of the National 
Bureau of Standards at Washington (September l4th-—-L5th, 1951, and, if necessary, 
Sunday, September 16th) 


The headquarters of these meetings will be the Hotel Statler, New York. The organis- 
ing Secretary of the Congress is Dr. Harry L. Fisher, National Research Council, 2101 
Constitution Avenue, Washington 25, D.C. 

Only preliminary information of the meetings is available at the present time, but the 
day-to-day programme is hkely to be as follows 


American Chemical Society New York 


Monday, September 3rd. Special A.C.S. programme in the afternoon; Meeting at 


City Hall, unveiling of plaque at the site of the founding of the Society. Evening, general 
meeting 


Tuesday, September 4th. Morning and afternoon, divisional meetings 

Wednesday, September Sth. Morning, divisional meetings. Afternoon, ceremonial 
gathering. Evening, A.C.S. banquet. 

Thursday, September 6th. Morning and afternoon, divisional meetings. 

Friday, September 7th. Morning and afternoon, divisional meetings 


International Union-—New York 
Saturday, September Sth. Meetings of commissions. Evening, International Union 
banquet 
Sunday, September 9th. Meetings of commissions 


International Congress——New York 

Monday, September 10th. Morning, 9.30--12.00, sectional meetings. Afternoon, 
1.34.00, sectional meetings. 4.30-—5.30, general lecture. 

Tuesday, September Lith. Morning, 9.30-——12.00, sectional meetings. Afternoon 
1.34.00, sectional meetings. 4.30-—5.30, general lecture. 

Wednesday, September 12th. Morning, 9.30-12.00, sectional meetings. Afternoon, 
134.00, sectional meetings. 4.30--5.30, general lecture. Evening, International 
Congress banquet 

Thursday, September 13th. Morning, 9.30--12.00, sectional meetings. Afternoon, 
1304.00, sectional meetings. 4.30-—5.30, general lecture. Evening, International 
Union delegates will travel to Washington, D.C., by train. 


International Union—-Washington, D.¢ 


Friday, September 4th. Morning, sightseeing and, if necessary, meetings of com- 
masons. Afternoon, 2.00-4.30, visit to National Bureau of Standards. 4.30—5.30, 
reception by Director of National Bureau of Standards. Evening, banquet celebrating 
the nftieth anniversary of the founding of the Bureau. 
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Saturday, September 15th. Morning, 9.30-—-12.00, meeting of the council. Afternoon, 


party. 

Attendance at the Congress is open to any chemists who wish to participate and it will 
consist of sixteen sections covering all aspects of modern chemistry. The titles and scope 
of the sections, together with the names of their chairmen, are as follows ; 

1. Air and Stream Pollution, H. F. Johnstone. 

2. Analytical Chemistry, B. L. Clarke. Including chemical, chromatographical, 
instrumental, and tracer methods. 

3. Biological Chemistry, Hans T. Clarke. Including fermentation, leather, and 
microbiology. 

4. Elastomers and Plastomers, R. P. Dinsmore. Including natural and synthetic 
fibres, resins, rubbers, textiles, drying oils, paint, varnish, coatings, glass, and ceramics, 

5. Fats and Fatty Oils, Soaps, and other Detergents, F. D. Snell. 

6. Food and Nutrition, C.G. King. Including chemistry of agriculture, fertilizers, 
and sugars, and role of trace elements. 

7. Fuel, Gas, and Petroleum Chemistry, George Calingaert. Including synthetic 
petroleum from coal and gas, shale oil, petroleum additives, antioxidants, asphalt, 
lubricants, coal, and motor, jet, and rocket fuels. 

8. Industrial and Engineering Chemistry, Joseph C. Elgin. Including chemical 
marketing, explosives, industrial chemicals, metallurgy, sanitation, sewage, and 
water. 

9. Macromolecules, H. Mark. Including structure, theory of polymerization, 
and silicone polymers. 

10. Medicinal Chemistry, Robert D. Coghill. Including antibiotics, antimalarials, 
and steroids. 

11. Nuclear Chemistry, Glenn T. Seaborg. Including radioactive isotopes and 
their application. 

12. Organic Chemistry, Arthur C, Cope. Including dyes, essential oils, inter- 
mediates, perfumes, photographic chemicals, steroids, and terpenes. 

13. Pesticides, H. L. Haller. Including fungicides, insecticides, herbicides, and 
rodenticides, and their applications and economic effects. 

14. Physical and Inorganic Chemistry, J. H. Hildebrand. Including colloidal, 
electrochemical, geological, photochemical, and theoretical. 

15. Plant Cell-wall Constituents, Harry F. Lewis. Including cellulose, lignin, 
starch, and their derivatives, and paper. 

16. Professional Training in Chemistry, Norris W. Rakestraw. Including training 
for industry, research, and teaching, chemical literature and codes. 


The closing dates for titles, abstracts, and papers have been determined. Two copies 
of all titles and abstracts (400 words or less, written in English) must reach Dr. Fisher's 
office by March Ist, 1951. Two copies of all completed manuscripts must be in 
Dr. Fisher's hands by May Ist, 1951. All papers must be original contributions to scientific 
knowledge. Papers may be written either in English or French although English is pre- 
ferred. In publishing its abstracts the Congress will follow the same procedure as that 
employed by the American Chemical Society. Complete papers will not be printed by the 
Congress, but may be submitted for publication in a regular journal of the author's choice. 
There will be a registration fee of $7.50 for membership of the Congress, and all authors 
must become members before their contributions can be considered. There will be a 
similar registration of $7.50 for the American Chemical Society Diamond Jubilee meeting, 
and to encourage visitors to attend both the Congress and the Jubilee there will be a com- 
bined enrolment charge of $13. 

The organisers are encouraging American organisations to invite overseas chemists to 
lecture before American Universities, technical organisations, and industrial groups, on the 
understanding that each organisation benefiting will share in the lecturers’ travelling 
expenses. Many of America’s leading chemical companies have given grants towards 
the expenses of the meeting, and several American companies are contemplating inviting 
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distinguished European scientists to America as consultants at the time of the meeting. 
Some companies with offices overseas are making plans for members of their foreign stafts 
to be in the United States in September, 1951. 

The British National Committee for Chemistry is anxious to help British chemists who 
wish to participate in the International Congress, and the Committee has set up a small 
Subcommittee consisting of Sir David Brunt, Dr. L. H. Lampitt, and Dr. D. C. Martin 
to make recommendations as to how this should be done. Intending British participants 
m the Congress are invited to inform the Assistant Secretary of the Royal Society of their 
intention and, if a paper is being submitted, to communicate the title. A supply of enrol- 
ment forms for the Congress have been sought from the United States and as soon as these 
are received they will be obtainable on application to the Assistant Secretary of the Royal 
Society. The British National Committee for Chemistry urges that passages to the 
United States should be booked at once and that applications for visas should be made to 
the United States consulates as carly as possible. 


PUBLICATIONS OF THE AMERICAN CHEMICAL SOCIETY. 


The following are the rates for 1951 at which Fellows may purchase publications of the 
Amerwan Chemical Society 
Price lo 
Fellows of 
Price to The Chemical 
Public Society 


8 $ 
Journal of Lhe American © hemical Socvety 12.00 10.80 


industrial and I ngineering ( hemistry 5.00 10 
4nalytical ( hemistry 400 360 
Industrial and Engineering Chemistry and Analytical 
Chemistry (in combination) .. 8.00 7.20 
Chemical and Il nguncerting News : 6.00 540 
Chemical Abstracts, complete Abstract issues and 
annual author, subject, patent and formula indexes 
and rights to A C.S. Photocopying Service , 60.00 56.00 
hemical Abstracts, Abstract issues only ... 24.00° 210 


* Sold only to subscribers to the complete set listed above 


Applications should be made direct to the American Chemical Society, 1155, Sixteenth 
Street, N.W., Washington D.C., U.S.A., and it should be noted that permission to remit 
money abroad must be obtained through a bank 


MEETINGS OUTSIDE LONDON 
BIRMINGHAM 


Chemistry and the Scattering of Light,” by Dr. E. J. Bowen, F.R.S. 


A jomt meeting with the University Chemical Society was held in the Chemistry 
Lecture Theatre of the University on October 20th, 1950, with Dr. L. L. Bircumshaw im 
the Chair 

The Lecturer described the relationship of light scattering to light reflection, and ex- 
plained its connection with refractive index, polarisability, particle size, and wave-length. 
Three cases of light scattering were distinguished Rayleigh scattering for very small 
particles, Tyndall scattering for particles with diameters of the order of magnitude of a 
wave-length of light and’ diffusion "for still larger particles. In the Rayleigh case weight- 
average molecular weights were obtainable for solutes by turbidimetric measurements 
The Tyndall case presented great theoretical difhculties because of complex diffraction 
effects but under favourable conditions the ‘‘ dissymmetry "' of scattering gave information 
about particle diameters and to a certain extent about particle shapes. Some other 
aspects of scattering of importance to chemists were also described 
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After some discussion a vote of thanks to Dr. Bowen, proposed by Dr. F. W. Parker, was 
carried with enthusiasm. 
BRISTOL. 

“ The Hahn Emanation Technique,”’ by Dr. J. 5. Anderson, M.Sc., A-R.C.S. 

A joint meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry was held in the Department of Chemistry, The University, Bristol, on November 
2nd, 1950, with Professor W. E. Garner in the Chair. 

The Lecturer dealt with the study of solid-phase processes by Hahn's emanation method, 
and said that if atoms of radium are incorporated uniformly in a solid (for example, by 
co-precipitation during its formation) the radon atoms formed by their disintegration can 
escape only (a) by ejection, through radiactive recoil, or (6) if they diffuse out during 
their lifetime. The probability of occurrence of both processes depends on particle size ; 
only (d) is a temperature-dependent process. Any process affecting the diffusion coefficient 
or the particle size changes the emanating power ; recrystallisation, phase transformations, 
chemical reactions, etc., can thus be followed. The principles and techniques of emanating 
power measurements were outlined. Applications to a number of problems in the chemistry 
of solids and the study of diffusion were illustrated from published work by Continental 
authors and more recent studies at Harwell. 


A discussion followed, and the thanks of the meeting were expressed by Dr. F. H. 
Pollard. 


EDINBURGH 
“ The Scientific Examination of Pictures,’ by Dr. A. E. Werner, M.A., A.R.LC. 


A joint meeting with the Royal Institute of Chemistry and the Society of Chemical 
Industry was held in the North British Station Hotel, Edinburgh, on October 26th, 1950, 
with Professor I. A. Preece in the Chair. 


Dr. A. E. Werner gave a most interesting and informative lecture, and, after a lively 


discussion, a vote of thanks, moved by Dr. E. G. V. Percival, was carried with acclamation. 


SHEFFIELD. 


“ Hydrocarbons as Raw Matetials for Organic Chemical Industry,’ by Dr. R. J. 
Holroyd. 


A joint meeting with the Royal Institute of Chemistry was held in the Chemistry 
Lecture Theatre, The University, Sheffield, on November 9th, 1950, with Professor R. D. 
Haworth in the Chair. 

Dr. Holroyd gave a wide survey of the production of organic materials from petroleum 
by modern methods, paying particular attention to the uses of acetylene, ethylene, propyl- 
ene, butylenes, and carbon monoxide—hydrogen mixtures as intermediates in the synthetic 
processes. After some discussion, a vote of thanks to the Lecturer, proposed by Dr. D. H. 
Peacock, was accorded. 


SOUTHAMPTON. 

‘ Medizval Chemical Industries,"’ by Dr. F. Sherwood Taylor. 

A joint meeting with the Mid-Southern Counties Section of the Royal Institute of 
Chemistry and the Chemical Society of University College, Southampton, was held in the 
Physics Department, University College, Southampton, on October 20th, 1950, with Mr. 
R. E. Parker in the Chair. 

Dr. Sherwood Taylor gave an informative account of mediaeval mining and metallurgy, 
the making of glass, and the mineral acids, and also of the crafts of soap-making, brewing, 
and distilling. 

After a discussion, a vote of thanks to Dr. Sherwood Taylor, proposed by. Dr. K. R 
Webb, was heartily accorded by the large audience. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows weeheng to lodge objection to the dection of these candidates should communwate with the 
Honorary Seoretartes within ten days of the date of publication of the Journal” for December 1950. Such 
objecteoms will be treated as confidential The forms of application are available im the Library.) 


“Bourne, Peter John Russell. British 9%, Hollingbourne Gardens, Ealing, W5. Assistant Chemist 
The Pyrene Co Ltd. Signed by Colin Lindley, D. FE. Weimer, Keith Ebbutt 

*Brown, Edna, fi Se Tech. (Mane), AMC.T. British, 4 Shaftesbury Avenue, Darwen. Research 
Student, College of Technology, Manchester. Signed by G. Baddeley, A. Burawoy, T. K. Walker 

*Bullen, Graham Joba. [iritish. 17, Howrne Hill, Palmer's Green, N13. Research Student. Signed 
by Kathleen Lonsiale, Kathleen M. Jackson, E. D. Haghes 


William George, 1A. and PhD. (Cantab) British 126. Beechwood Gardens, Iiford. Re 
search Chemist. Signed by F 5S. Dainton, A. J. Harding, J. Chanmugam 
Cromwell, Norman Heary, 1) S Chem Eng (Rose Polytechnic Institute), Ph.D. (Minnesota) American 
Department of Chemistry, University College, Gower Street, W.C.1. Professor of Chemistry 
University of Nebraska Signed by. E. D. Haghes, E. Gelles, P. B. De la Mare 
Davies, Michael William, 1 Sc (Lond) British 6, Wheatsheaf Close, Woking Chemist. Sorbo Ltd 
Signed by DA. Andrews, David W. Wilson, J. P. Stern 
*Dove, John Edward. [iritish The Queen's College, Oxford Student of Chemistry. Signed by 
WA. Waters, J A. Baritrop, J. W. Linnett 
*Downs, Allan Whineray. [Jiritish 131, Park Street South, Wolverhampton Student, Manchester 
University Signed by G. R. Barker, F. Long, M. C. Whiting 
Hivittesh =: 13, Park Road, Leyton. E.10 Student Signed by H. Holness, G. Mattock 


(Load), AR I¢ British. 181, Ardleigh Green Road, Hornchurch. Re 
search Chemist. May and Baker Ltd Signed by H. J. Barber, B. J. Heywood, H. J. Cottrell 
] N. Ashley, MB Green 
*@ilbooley, Robert Aloysias, AKI. British, 38 Addingham Road, Mossley Hill, Liverpoo! 
18 Assistant Experimental Officer, Government Laboratory, Liverpool. Signed by : A. FP. Weiss 
L. H.W. Hallett. K. R. Butler 
M.A. (Cantab). Hiritish S50A, Coningsty Road, High Wycombe. Chemist 
Signed by Leonard A. Levy, D. J. Saxby, D. W. West 
Prank. [British Chemistry Department, The University, Bristol 8 Research Student 
Signed by =F. HH. Pollard, G. E. Coates, W. E. Garner 
Greaves, John Tracey, MA (Oxon) Biritish 99. All Saints Avenue, Margate Assistant Chemist 
Hiritish Railway (Southern Region), Ashford. Signed by W. A. Roach, A. C. Mason, D. H. R 
Barton 
*@reen, Albert Lawrence, fi S« (Lond British 96. Hall Road, East Ham. FE 6. Research Stadent, 
King's College. London. Signed by  S. H. Harper, D. H. Hey, John Honeyman 
“Green, Gerald Ernest, 1} S« (Lond) Hritish 30, Algernon Road, Hendon, NW 4 Student, King's 
College, London S. H. Harper, D. Thompson, R. A. Thompson 
Rooald Henry (Sydney), PhD. (Cantab) British. Division of Entomology 
CSTLRO., Box 100, Canberra City, ACT. Australia. Research Officer Signed by: AR 
Todd, T. Iredale. W. Bottomley 
Ruchard British Glen Gairn House, 85, Castledine Street, Loughborough. Student 
Loughborough Technical College, Signed by R. P. Phillips, Graham Oldham, J. M. Connolly 
*Hest, Bela Ann. [iritish 137. Masons Hill, Bromley Chemist Technical Assistant. Signed by 
HL. Peerman, | © Everett, Allan Domleo 
*Hicks, John Allatt, Bh (Birm British, Chemistry Department, The University, Birmingham 
‘ Research Student dby LL. Bireomshaw, S. R. Carter, H. W. Melville 
Dunelm British. Newlands, Ambleside, Westmorland. Student 
R. Fulton, G. A. Swan 
Bievtish  ishwyr Villa. Pontiliw, Swansea = Research Seudent 
University College Swansea CW. Shoppee, R. H. Davies, K W. Sykes 
Richard David, } Sc (Lond) British Greengarth Hall, Holmrook, Cumberland. Experi 
mental Ofheer, Ministry of Supply Signed by. Malcolm Crawford, Maurice Woodhead, Arnold 


NZ A RIC. British The Dominion Laboratory, P.O. Box 562 

Dunedin, New Zealand Government Analyst. Signed by FJ T. Grigg, L. HW. James, J. K. Dixoa 

*Kopkin, Oyril David, hs (London British. 39, Bridge Court, Leabridge Road, Leyton, F 10 
Student Segeed by «=H Holness. M. R. Porter, M. A. Crook 

Kuhn, Lester Peter, MW 5 and PhD (Johns Hopkins), American 454, Hill Top Road, Oxford. Gag- 

genheim Fellow at Physical Chemistry Laboratory, Oxford. Signed by W. A. Waters, Michael 

Ford, rt ‘ 
Hriteh Commanght Hall, Wessex Lane, Swaythiing, Sow 
Student, University College, Southampton Signed by K R Webb FE. Cartmell, A. R. Burkin 
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py ts os ar British, 40, Meath Road, [iford. Research Chemist 

yD C. Bitoa, J. RatattBe, C _ A. Long. 
Lindsey, Arthur James, M.Sc. and Ph.D. (Lond), F.RLC. British 32. Bromefield, Stanmore. Head 
of Department of Chemistry, Sir John Cass College. Signed hy David W. Wilson, J. V. Westwood, 


11, Barclay Avenue, Tonbridge. Technical Assistant in Petroleum 
t, Anglo-Iranian Oil Co. Ltd. Signed by: M. A. M. Graham, John F 


. (Lond.). British. Chester Beatty Research Institute, The Royal Cancer 
Hospital, Fulham Road, $.W.3. Research Chemist. Signed by: G. A. R. Kon, J. L. Everett 
W.C. J. Ross 
“Morgan, Arthur, B.Sc. (St. Andrews). British. 28, Fairview Road, Timperley. Research in Organic 
Chemistry at St. Andrews University. Signed by: H. T. Openshaw, J. Ritchie Chalmers, J. E 
McIntyre 
. British 12, Peveril Road, Stoneleigh, Oldham. Research and Development Chemist 
Signed by: A.G. Pollitt, B. E Wilde, J. A. Calderwood, J. A. Beton 
Oliver, Brian Michael, B.Sc. (Lond.), A.R.1.C. British. Longcroft, Hillcrest Road, Rodwell, Weymouth 
Technical Officer, L.C.1. Ltd. Signed by: W. A. Smeaton, C. G. Smith, A. B. Summonds 
*Pedder, Denis. iritish 4, Windy Hill, Lancaster. Student, Municipal College, Burnley. Signed by 
H. Hebden, Albert E. Wales, J. D. C. Worsnop 
Paster, Kari, S. 8. and Ph.D. (Mass. Institute of Tech). American 2250, Old Raritan Road, Westfield 
New Jersey, US.A. Chemist, Merck & Co. Inc. Signed by. Max Tishler, Stanton G. Harris 
Ear! M. Chamberlin 
*Potter, Michael David, B.A. (Cantab). British. Eastwood House, Broxbourne. Research Chemist, 
Allen and Hanbury’s Ltd. Signed by: Norman R. Campbell, Norman Evers, C. J. Eastland 
*Prall, John Karel. British. 15, Cornwall Terrace Mews, Regent's Park, N.W.1. Student. Signed 
by: Stanley Shoop, Arthur I. Vogel, G. H. Jeffery. 
*Ringe, James Peter, 1}.Sc. (Lond), ARC. British. 31, Langley Crescent, Dagenham. Chemist 
Signed by: Hamish MacL. Cranstoun, Maurice B. Green, Helen J. Cottrell 
Ritchie, William Henry, M.Sc. Tech. (Manc.), AMC.T., AR.LC. British, Chevet Lodge, 29, Acton 
Road, Wrexham. Industrial Chemist. Signed by - H. Robinson, M. J. Roe, A. M. Spivey 
*Roberts, Bryan Mark. British. Fonthill, Coity, Bridgend. Student. Signed by: F. B. Kipping, B 
Lythgoe, P. Maitland 
Edward Francis, h.D. (Fordham). American. Kings Highway, Middletown, New Jersey, 
U.S.A. Chemist, Research and Development Division, Merck & Co. Inc. Signed by : Max Tishler 
Stanton A. Harris, Earl M. Chamberlin 
*Sandiford, Jean, B.Sc. (Lond). British 44, Nelson Square, Blackfriars Road, S.E.1. Research 
Student. Signed by: S. H. Harper, D. Thompson, J. F. Oughton. 
Geoffrey B.A. (Cantab). British. 43, Aberdeen Park, Highbury, N.5. Student 
Signed by: J.C. Kendrew, H. J. Emeléus, B. Lythgoe. 
Short, Lawrence Neville, M.Sc. (Sydney). British. 24, Lathbury Road, Oxford. Research Student 
Signed by Adrien Albert, L. E. Sutton, C. J. Danby. 
*Simpson, Crispin John Stephen Moncreiff. British. The Queen’sCollege Oxford. Student of Chemistry 
Signed by W. A. Waters, J. A. Baritrop, J. W. Linnett 
Hamish, BSc. (Q.U.B). British Staff Club B.. A.E.R.E.. Harwell, Didcot. Chemist 
A. R. Ubbelohde, Cecil L. Wilson, R. G. R. Bacon, RC. Pink 
British. 61, Wilkinson Street, Sheffield, 10. Student, Sheffield University 
Alex H. Lamberton, H. J. V. Tyrrell, T. S. Stevens 
Martyn Christian Raymond, B.Sc. (Lond), AR ILC British, 22, Mitcham Park, Mitcham 
Assistant Lecturer, Battersea Polytechnic. Signed by: H. E. Strauss, D. A. Everest, A. G. Davies 
Taylor, Edwin Percival, 8. Pharm., B.Sc., and Ph.D. (Lond), A.R.LC. British. 11, Effingham Lodge 
Surbiton Crescent, Kingston-on-Thames. Research Chemist, Allen and Hanburys Ltd. Signed by 
Norman R. Campbell, Norman Evers, C. J. Eastland 
, Derek. British. 45, Roxborough Avenue, Isleworth Student. Signed by H. K. Dean, 
A.M. James, J. F. J. Dippy, J. F. McGhie 
Alfred Leslie, B.Sc. (L'pool.). British. 70, Parkhill Road, Prenton, Birkenhead. Kesearch 
Chemist, Messrs. W. J. Bush. Signed by: C. N. Thompson, B. W. Swanson, W. B. Whalley. 
Thomas, Brian Russell, MSc. (N.Z.). British. Birkbeck College, 21, Torrington Square, W.C.1 
Student. Signed by: D. H.R. Barton, J. S. Fawcett, D. C. Bradley 
Thomas, David Henry, A.R1C. British. 13, Liverpool Road, Warrington. Assistant Production 
Manager Gate Penta Arnold Cooksey, Maurice Woodhead, FE. Foley 
Colin Frederick, M.Sc. (Wales), A.R.IC. British. Department of Agriculture aad Horti 
culture, Research Station, Long Ashton, Bristol. Research Chemist. Signed by: Margaret E 
Kieser, Alfred Pollard, S. W. Challenor 
* Wooldridge, Kenneth Robert Harry,A.R.C.S. British 45, Oakfield Park Road, Wilmington, Dartford 
Student, Imperial College, London. Signed by: KR. P. Linstead, E. A. Braude, P. F. Clark 
“Tait, Outen, B.Sc. (Leeds). British. 22, Cariton Road, Hale Research Assistant, Department 
if Biochemistry, Schoo! of Medicine, Leeds. Signed by B.A. Kilby, G. M Bristow, D. ( 
Nicholson. 
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UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT 
ABROAD 
Berenbeum, Morris Benjamin, ft (hem Eng (City Coll. of New York) American 1075. Sedgwick 
Avener, New York 53. USA. Research Pellow, Polytechnic Institute of Brooklyn Signed by 
C._G. Overberger, F. M_ Beringer 
, Geoffrey MS. (N.Y), PhD. (Rutgers), American. Frederick H. Levey Co In 
1223, Washington Avenue, Philadelphia 47, Pennsyivania, U S.A. Research Chemist. Signed by 
Joho FP Lane 
Miljenko, |) phil (Zagreb). Jugosiav§ Institation for Oceanography and Fisheries, Split 
Jugosiavia. Professor Signed by L. HN Cooper 
Davis, Franklin Otto, A. (Centre Coll. Danville) American 633, Concord Circle, Trenton 8 New 
Jersey, USA Research Chemist, Thiokol Corp. Signed by  H. P Koch 
Parr, jan., James Albert, 1) 5 (Albright), MS (Lehigh) American 201, Serpentine Road, Tenafly 
New Jersey, USA. Kesearch Fellow, Polytechme Institute of Brooklyn Signed by F M 
Heringer 
Emil John, A fh Hobart), MS. (Polytechnic Institute of Brooklyn American. 554, Weat 
113 Street, New York 25. USA. Graduate Student. Analytical Chemist. Signed by © OG 
Overberger 
Howerton, Pau! William, i") !) Northwestern American. 615, Josephine Street, Denver 6, Colorado 
USA. Scientific Hibliographer, Julas Hyman & Co. Signed by: William C. Stickler 
Hoyt, John Manson, / 5 Virginia Polytechnic Institute), Ph M. (Wisconsin American 1312 
Street, Brookivn 16. New York, USA Graduate Stadent in Chemistry Signed by ©. G 
Overberger 


Kritchevsky, David, MS (Chicago rhb Northwestern) Amerikan. Kadiatwn Laboratory 
University of California, Berkeley 4, California, USA. Research Chemist Signed by raA 
(etseman 

Kritchevsky, Gene, > ‘(hicago Amercan 873. College Avenue, Menio Park, California, 5 A 
Research Stedent Signed by Phillip M. lieff, jun 

Battista, |) Chem (Rome Italian. Via Crescenzio 38, Rome, Italy Ke 
search Chemist, Institute Superiore di Sanita Signed by S J. Pirt 

O'Donnell, Sister Marie Joaunes, 1) S (Siena Heights Coll), Ph.D (Catholic University of Ameria) 
Amerkan ‘Siena Heights College, Adrian, Michigan, USA. Instructor in Chemistry and 
Physics Sigurd by Elton S. Cook 

Brooklyn Polytechnic Institute), M A. (Columbia American. 123, W 74 Street. 
Student. Signed by W. von E. Doering 
7, rwe Le Dantec, Paris Se, France Director, Plastics Deparcment, 
Company of St Gobain Signed by MC. Whiting 

Sabluskey, Lee Anthony, |) S (‘Lovala Univ) PhD. (Northwestern American Research Depart 

ment, Reperiment Station, Hercules Power Co, Wilmington, Delaware US A Kesearch Chemist 
‘igned by =L. Carroll King, Ludwig Bauer 


* Keduced annual subscription 


PAPERS RECEIVED 
List of papers received between October [Sth and November 17th, 1050 


Ortatal hybridisation and some other considerations concerning the transition state of 
bimolecular organic substitution reactions’ By V. GoLp 

Tropolones, Part 1. The preparation and general characteristics of tropolone By 
]. W. Coox, A. R. Guan, R. A. Rarnaer, and A. R. SomerviILLe 

The infra-red spectrum of tropolone By H. P. Kocn 

Aneurin. Part X The mechanism of thiochrome formation from aneurim and aneurin 
disulphicte By P. Syxes and A. R. Topp 

The mechanism of the Wurtz-Fittig reaction between organic halides, silicon tetrachloride, 
and sodium By H. G. Ewecenm, D. Ripce, and (Miss) M. Topp 

The selective absorption of optical antipodes by proteins By W. Braptey and G. C. 
Easty 

Studies in the indene series. Part I. Syntheses of 1 2: 3°: 4-tetrahydro-3-ketocyelo 
pentindene, and of »amino-$-l-indenylpropionic acid."’ By G. R. Cremo, L. H. 
Groves, L. Munpay, and G. A. Swan 

Stuches in the indene series. Part Il. A synthesis of 1 2:3°4: 10°: 1l-hexahydro 
2-ketocyclopentindene By L. H. Groves and G. A. Swan 





Studies in the indene series. Part III, The cyclisation of 1-benzyleyclopentene and 

isomeric compounds.’ By L. H. Groves and G. A. Swan. 

* Xanthones and thioxanthones. Part I. The synthesis of 2- and 3-dialkylaminoalky!l.- 
amino-derivatives."’ By F. G. Mann and J. Heprey Turnputt. 

* Xanthones and thioxanthones. Part Il. Derivatives of thioxanthhydrol, xanthyl.- 

amine, and thioxanthylamine."" By F. G. Mann and J. Heptey Turxnpuit. 

‘Xanthones and thioxanthones. Part II]. The syntheses of 4-azaxanthone (1: 2 

dihydro-9-oxa-l-aza-anthracene)."’ ‘By F. G. Mann and J. Hepitey TURNBULL. 

Cyclic meso-ionic compounds. Part IV. ¢-4-Aryl-2 : 4-dihydro-2-thio-1-thia-3 : 4-di 

azoles (‘ endothiodihydrothiodiazoles ')."" By W. Baker, W. D. Oxtis, A. Paris, 

and T. STRAWFORD. 

“Syntheses from phthalimido-acids. Part Il. Further reactions of phthalylglutami 

anhydride.’ By F. E. Kine, B.S. Jackson, and D. A. A. Kipp. 

The stereochemistry of the salicylides and some related compounds.’ By P. G. 

EpGerey and L. E. Sutton. 

The seed fat of Parinarium laurinum. Part Il. Component glycerides of the seed 

fat."" By J. P. Rivey. 

** Experiments relating to the resolution of tertiary alcohols : the resolution and deamination 

of «naphthylphenyl-p-tolylmethylamine and the Curtius, Hofmann, and Schmidt 

reactions with 2-methyl-2-phenylhexanoic acid." By C. L. Arcus, J. Kenyon, 

and S. Levin. 

“* Notes on arsenic subsulphide."’ By F. R. Harris. 

** The orientations of x-bromo- and x-nitro-benzocinnoline 6-oxides.”” By K. E. CALDERBANK 

and R. J. W. Le Fevre. 

‘ The steric inhibition of mesomerism.’" By M. J. 5S. Dewar. 

The adsorption of oxygen on the surface of metallic mercury.’ By S. E. 5. EL WaKKAD 

and T. M. Satem (Mrs. Et WAKKAD). 

*' Studies in the polyene series. Part XXXV. Preparation of 3-dehydro-$-ionone and some 

3-substituted 6-ionones."’ By H. B. Hensesr. 

“ Aromatic hydrocarbons. Part LIX. 1: 2-3: 4-Dibenzpyrene.”’ By E. Crar and 

D. G, STEWART. 

The freezing-point diagram of the hydrazine-water system.’ By T. C. H. Hit and 

J. F. Sumner. 

“ Constitution of the mucilage from the bark of Ulmus fulva (slippery elm mucilage). 

Part Il. The isolation of 3-monomethyl p-galactose from the products of hydro- 

lysis."" By E. L. Hirst, L. Hoven, and J. K. N. Jones. 

Studies on trifluoroacetic acid. Part III. The use of trifluoroacetic anhydride in the 

preparation of amylose acetate.’’ By E. J. Bourne, G. A. Gitpert, C. T. Green- 
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Errata. 


ERKATA 


for 1936 read 1026 
for —48 read +45 


before 50%, tnsevt p-nitrobenzabichyde in 

for O55 g. read 0-055 « 

for d*** read Gee 

for 10" read 1O™ 

after (4300), imeert 4565, 

after 4350, insert 4630, 

for as above read unity 

jor E, ~ AB, BE, DE read ak, AB. «f, 


for 2’-pyridy! read ¥' -pyridyl 


for preceding paper read /., 1990, 1519 

after minutes add and the solution was acidified to pH6é 

for a-benzamido-§-(2-acetoxy-3-methoxyphenylj)cinnamic acid read 

@ benzamido-§-(2-acetoxy-3-methoxyphenyljacrylic acid 

The paragraph on p. 1951, lines 28° — 16° (" 8-p-Chlorophenyljcysteine 

to dryness") should be interchanged with p. 1952, lines 28 * 
26° |" p- Acetoxybenzaldehyde acetic acid’ 
for (IV. R « AcO, R’ «» NHEt,) read (IV; R = H, K p- AcOvC, Hi, 
delete ether 


for 2 mercapto-4 carbethos ymethylaminomethyithiasolim Some tread 
2 mercapto-4 carbethorymethylaminometh ylenethiazolin- Some 
for 2 Mercapto-4-(1 -carbomethory propylaminometh ylene )thiazolin-5-one 
read =-_2- Mercapto-4-(1 '-carbomethoryeihylaminometh ylene thiazolim-S 
one 
for  2-Mercapto-4-(1'-carbory-2’-benrylthio-2° . 2'-dimethyipropylamino 
methyl thiazolin-S-ome read 2-Mescapto-4-(\'-carbory-2 -hencyithtio-2 
methyl prop yiamsmometh viene) thazolin-5-one 
for 1710 read 2710 
for (0-2 g.) read (1-2 g.) 
column 3. Helow p-NHySO,C,HyCH,C) add 
p-NHy SO), HCH, NM, HC! 
Column headed “ c.c.”’ tnterchange 4 and 85 
Equation (4) for (rv, '¥,)* read (v,/v,) 
lithe of paper, for « Ketoads pic Acid read B-Ketoadipuc Acid 
agram The directions of the horizontal arrows on the bottom line of the 
diagram should be interchanged 
formula (X.) for CMeR” read CMe, K 
line 3 for acetaldehyde read phenylacetaldehyde 
Table Il An asterisk (*) shouk! follow the Roman numeral (II! 


* From bottom of page 
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654. The Determination of Thionaphthen in Naphthalene by 
Infra-red Absorption Spectroscopy. 
W. E. Armstronc, A. B. Dewsuam, and G. Govan. 
The infra-red absorption spectra of naphthalene and thionaphthen have been recorded 
between 9 and 14 « e band at 948 ». affords a means of determining thionaphthen 
in naphthalene. The melting point of pure naphthalene is 50-32". 


THIONAPHTHEN is the main impurity in commercially pure crystal naphthalene. Infra-red 
absorption spectroscopy affords a convenient method of determining this impurity 

Fig. 1 shows the absorption spectra of 10% solutions of pure naphthalene and thionaphthen 
in carbon disulphide, obtained on using a cell of nominal thickness 0-14 mm 
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The positions of the main naphthalene bands agree with the results of Lambert and Lecomte 
(Ann. Physique, 1932, 18, 366), but the shoulder at 12°15 uw. has been resolved as a band, and the 
weak band at 10 yu. is found to be at 99 wu. and much stronger. There appear to be no previous 
data for thionaphthen 

Naphthalene shows almost 100%, transmission in the region 90 to 97 u., whereas thio- 
naphthen shows absorption bands at 9°17 and at 948 4. Further investigation of this region, 
with molten naphthalene at 100° in a thicker hot cell (nominal thickness 0°56 mm.), showed 
that naphthalene has a weak band at 9°22 yp. but very little absorption at 9°45 p., so this second 
band was selected for analysis 

Fig. 2 shows the linear Beer's law curve obtained for synthetic mixtures of thionaphthen and 
naphthalene. /, and / are the transmitted energies with pure naphthalene and the synthetic 
mixture in the cell 

Investigation of a sample of commercial naphthalene showed 1°30% of thionaphthen, 
agreeing fairly well with the figure of 1°26% calculated from the measured sulphur content of 
030%. This suggests that the bulk of the sulphur is present as thionaphthen 

* The spectral slit widths in Figs. | and 2 are quoted in American uuits, i.¢., they represent half the 


frequency range passed by the exit slit and should be doubled to conform with British practice, 
10 ¥F 
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Fig. 3 shows the relation between the crystallising point and the thionaphthen content of 
naphthalene for synthetic mixtures. For a thionaphthen content of 1°30%, as found for the 


Pic. 2.° Fis. 3 








‘ 


+ 
' 
| 
tT 


’ 
+> 


; 


Crysta/lising point 
4 
3 
S. 





7 ? os 10 Ty 20 
% Thionaghthen, ww % Thionaphthen, W/W. 


Spectral slut width @2 om. 

















sample of crystal naphthalene, the crystallising point should be 79°84°, whereas the value found 


was 79°70". This suggests the presence of smaller amounts of other impurities believed to be 
mainly methylnaphthalenes 


EXPERIMENTAL. 


The spectroscope used was 4 single-beam instrument, essentially similar to that used by Whiffen and 
Thompson (/.. 19465, 268), except that the light from the exit slit was focused on the thermopile by an 
ellipsoidal mirror of focal lengths 30-0 and 59cm. The instrument was calibrated with the bands of 
methykydohexane and I-methyinaphthalene, using the A P.I. data, and the atmosphere carbon dioxide 
bums at 1407 and 13-04 

Amalgamated lead shims were used in the cold cell, with an outer coating round the seal of © Cerrite 
acquer The hot cell was as described by Richards and Thompson (Trans. Faraday Soc., 1945, 4], 183 
All results were corrected for zero drift and for scattered radiation The data for Fig. 2 were obtained 
bry direct reading of the galvanometer deflection at the preset wave-length 


Commercial crystal naphthalene was heated at 145° for 18 hours with 5% of sodamuide, and the 
residual liquid was fractionated through a 15-inch column, packed with glass helices and jacketed wit! 
naphthalene vapour at the boiling point. The sulphur content was reduced to 0-01,%. A second 
treatment reduced the sulphur to less than 0.005%, The product was recrystallised twice from 


redistilied methanol, and refractwnated The crystallising point was 80 32° (contrast usually accepted 
value of 2 


Research-grade " thronaphthen (ex Messrs. Light) was found to have a sulphur content of 23-03% 
Carius), compared with the theoretical 23-00%, It had m. p 313°, as had a sample synthesised by the 
methx! of Hansch and Blondin (/ Amer. Chem. Soc, 1948, 70, 1561) purified by way of the mercuric 
acetate derivative and sublimed It was accordingly used without further purthication 


Sulphur in naphthalene was determined by the Grote-Krekeler method. Check tests with pure 
sulphur and with thionaphthen added to naphthalene gave results 3%, low, so that an empirical factor 
of 1-03 was applied 

Crystallising pomnts were measured with 


a thermometer graduated in fifths of a degree calhbrated | 
the N.PLL The emergent steam « 


orrection was determined experimentally 


The authors thanks are offered to Dr. H. W. Thompson, F_R.S., for advice on the construction of the 
sped Cros ope 
Potmam Lapowarory, Noern Tuawes Gas Boarp, 


Kine 's Roan, Lowpox, 5 W.6 Reetived, August 12t4, 1950 
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655. Studies of Compounds Related to Natural Perfumes. Part III. 
The Diels-Alder Reaction with Acetylenic Aldehydes. The Synthesis 
of 4-Methylsafranal.* 

By J. C. Lunt and Franz SonpHEmMer. 


2: 5-Dibydrobenzaldebydes have been prepared by the Diels-Alder reaction between two 
acetylenic aldehydes (tetrolaldehyde and hept-2-yn-l-al) and butadienes. The dehydro- 
genation, partial hydrogenation, and isomerisation of the tetrolakiehyde adducts have been 
investigated. In particular, it is shown that the aldehyde (VI), obtained from tetrolaidehyde 
and 1: 1 : 3-trimethylbutadiene, undergoes a smooth rearrangement in the presence of acids 
to give 4-methylsafranal (X). 

The ultra-violet light absorption properties of the adducts are recorded and briefly 
discussed 


In connexion with the synthesis of analogues of §-cyclocitral and §-ionone (Heilbron, Jones, ef al, 
J., 1949, 737, 1827, 2028; Lunt and Sondheimer, previous communication), it became desirable 
to investigate the Diels-Alder reaction between butadienes and acetylenic aldehydes 

Until recently, the use of acetylenic compounds as dienophiles in the Diels-Alder reaction 
had been restricted mainly to acetylenic acids and esters (for reviews, see Bowden and Jones, J 
1946, 52; Holmes, “ Organic Reactions,” John Wiley, New York, 1948, 4, 60). The employ 
ment of a$-acetylenic ketones in such reactions had been restricted to isolated examples (Allen 
and Sheps, Canadian J. Rgs., 1934, 11, 171; Dupont and Paquot, Compt. rend., 1937, 205, 805) 
but was recently more extensively investigated (Bowden and Jones, Joc. cit.; Braude, Jones 
Sondheimer, and Toogood, ]., 1949, 607). 1t was found that a$-ethyny! ketones (containing th« 
group *CO-C3CH) could be condensed with dienes in good yield, while substituted ketones 
(CO-C-CR) reacted considerably less readily to give rather poor yields of adducts. The only 
authenticated example of the employment of an af-acetylenic aldehyde in a Diels-Alder type 
reaction is the condensation between 3-phenylprop-2-yn-l-al and the highly reactive tetra. 
phenyleyclopentadienone (which even reacts with acetylene itself) to give an aromaticized 
product (Dilthey, Schommer, and Trésken, Ber., 1933, 66, 1627). In addition, the patent 
literature (Naef et Cie, F.P. 672,025; Chem. Zentr., 1930, 1, 2796) records the reaction both of 
propargylaldehyde and tetrolaldehyde (Me-C3C*CHO) with a number of substituted butadienes to 
give substituted dihydrobenzaldehydes. Unfortunately, very few details and no yields are 
given, and from our experience, the reaction conditions (usually ca. 160--200° for 1—2 days) 
would have resulted in the dehydrogenation of the primary adducts to benzenoid derivatives 
It may be noted that in the same patent the successful use of 1 : 1-dimethylbutadiene and 
1: 1:4: 4-tetramethylbutadiene in Diels-Alder reactions is reported, a fact which has not since 
been substantiated 

It has been found that only by careful attention to reaction conditions could 2 : 5-dihydro- 
benzaldehydes be obtained by the reaction between acetylenic aldehydes and dienes; the 
temperature range below which only little reaction occurred, and above which considerable 
aromaticization of the adduct set in, was not large. Even when the expected product was 
formed, it was usually difficult to obtain it pure by distillation, and significant results were only 
obtained by careful characterisation through a solid derivative 

The acetals of tetrolaldehyde (1; R « Me) have been prepared both by the dehydrobromin- 
ation of the acetals of «-bromocrotonaldehyde (Claisen, Ber., 1911, 44, 1161; Viguier, Ann 
Chim., 1913, 28, 447) and also by the reaction between propynylmagnesium bromide and ethyl 
orthoformate (Viguier, loc. cit., p. 450). Both these methods have been investigated; 
modifications in the experimental procedures have been introduced, and the acetylenic acetal 
can be obtained in yields of 75-80% by either method. Hydrolysis of the acetal to the aldehyde 
by means of dilute mineral acids results in considerable polymerisation (Claisen, loc. cit.), but 
Viguier (loc. cst., p. 481) found that heating the acetal with aqueous oxalic acid produced the 
aldehyde in 35% yield. This result could not be substantiated, considerably lower yields of 
(1; R = Me) being obtained under Viguier’s conditions. It was, however, found that by shaking 
the acetal with cold aqueous tartaric acid, followed by removal of most of the ethanol with 
calcium chloride solution, a 55%, yield (35% conversion) of tetrolaidehyde (2 : 4-dinitropheny!- 
hydrazone) could be obtained. As the hydrolysis of the acetal to the aldehyde presented some 
difficulty, a direct synthesis of tetrolaldehyde itself was also investigated. Acetylenic aldehydes 


°A ow account of part of the work described in this paper was published in Nature (1949. 
164, 1051). 
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have been prepared by condensation of the sodium salt of substituted acetylenes with ethyl 
formate in ether (Charon and Dugoujon, Compt. rend, 1903, 187, 126; Moureu and Delange, 
Bull. Soc. chim, 1902, 27, 374; 1904, 81, 1327; Brachin, id, 1906, 86, 1165), although rather 
poot conversions (11-28%) were obtained with aliphatic acetylenes. We prepared sodio- 
propyne in ether by reaction of methyl iodide with sodium acetylide in liquid ammonia, adding 
am«ther mole of sodamide in liquid ammonia (cf. Zoss and Hennion, /. Amer. Chem. Soc., 1941, 
63, 1151; Raphael and Sondheimer, J, 1950, 115; Sondheimer, ]., 1950, 877) and displacing 
the ammonia by ether. However, when this complex reacted with ethy! formate under the usual! 
conditions, no trace of tetrolaidehyde could be detected. This may well have been caused by 
the low solubility of sodiopropyne in ether (sodium acetylide itself in ether is extremely 
unreactive owing to its low solubility), for when sodichex-I-wne in ether reacted with ethy! 
formate under the same conditions, bept-2-yn-l-al (1; KR Bu") (2 : 4-dinitrophenylhbydrazone) 
could be isolated in 24%, yield 


RGCNa + HCO Ft > BRCOCCH(ONa)OEt) -—— > RCGCCHO 
CHO 


CHO / CHO 
waa Me 
‘ 


(Vv.) 


Tetrolaldehyde was caused to react with butadiene under various conditions, inhomogeneous 
products being usually obtained However, by heating the components at 120° for 7 hours, and 
again bringing the recovered aldehyde into reaction with butadiene, pure 3 : 6-dihydro-o-tolu- 
aldehyde (11) (2: 4-dinitrophenyihydrazone ; semicarbazone) could be isolated in 31%, yield. The 
structure was confirmed by heating it under reflux, whereupon o-tolualdehyde (I11) was formed 
The methyl ketone corresponding to (11) had already been partially hydrogenated (Braude, 
Jones, Sondhemmer, and Toogood, loc. cit.) and, when the aldehyde (11) was allowed to absorb 
1 mole of hydrogen in the presence of a palladium-calcium carbonate catalyst, 2-methyleyclo 
hexenealdehyde (IV) was readily isolated. This aldehyde proved identical with that already 
prepared by dehydrobromination of the corresponding saturated bromo-aldehyde (Heilbron, 
Jones, Richardson, and Sondheimer, /., 1949, 737). Several attempts were made to rearrange 
the isolated double bond in ({I1) to the conjugated diene aldehyde (V) (or the other possible 
womer), under both acidic and basic conditions This could not be effected, and (Ll) was either 
recovered unchanged or (under strongly alkaline conditions) was dehydrogenated to 
»tolualdehyde (111 

It was thought that the condensation between tetrolaldehyde and |: 1 : 3-trimethy!butadiene 
would be more easily effected than the reaction with butadiene, as the expected adduct could 
not undergo dehydrogenation, although of course two products, (VI) or (VII), might be formed 
However, when this reaction was carried out either at 140° or 160°, an inhomogeneous product 
was obtained, contaiming a considerable proportion of 2: 4: 6-trimethylbenzaldehyde (VIII) as 
indicated by the formation of its semicarbazone and 2: 4-dinitrophenylhydrazone. The 
aromatic aldehyde must have been formed from (VI) by the loss of methane, and this was 
supported by the fact that considerable pressure was observed at the end of the reaction. Only 
by heating the component» at 125° for 16 hours could the required reaction be effected. Even 
under these optimum conditions, and mhomogeneous product was formed, but by converting 
the crude adduct into the semicarbazone, and regeneration with dilute sulphuric acid, the pure 
2:2:4>: 6&tetramethyieyeiohexa-3 : 6-dienealdehyde (V1) (2: 4-dinitrophenylhydrazone) could 
be obtained. It was assigned structure (VI) rather than (VII), for when it was heated under 
reflux, methane was evolved, and 2) 4° 6-trimethyibenzaldehyde (VIII) was again formed 

Partial hydrogenation both of the aldehyde (V1) and of its semicarbazone in the presence of a 
palladium-calcium carbonate catalyst gave complex mixtures. The product obtained from 
V1), after absorption of one mole of hydrogen, had maxima! ultra-violet light absorption of such 
low intensity as to preclude the presence of the expected product, 4-methyl-S-cyclocitral (Lunt 
and Sendheimer, /., 1950, 2057), as a major component. However, a pure 2 : 4-dinitro- 
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phenylhydrazone was obtained after chromatographic purification, which showed the properties 
expected of the derivative of 4-methyl-a-cyclocitral (IX). This aldehyde may well have been 
produced by the rearrangement of (VI) to (X) (see below) by the palladium catalyst, followed by 
1: 4-hydr. genation. Such a rearrangement is of interest owing to the close structural! relation- 
ship of (X) to the important androtermone safranal (X1). This aldehyde (derived from 


CHO 


4 
’ 
Me 


CHO ‘Sono ’ f SCHO 
Me, | Me Me. | Me \ 'Me 


> 


VIL) IX (x (XI) 


picrocrocin, the bitter principle of saffron) was shown to play a remarkable réle in controlling 
the sexual characteristics of the hermaphroditic green alga Chlamydomonas eugametos f. synotca, 
causing the cells to become male even at a dilution of 10 molecules per cell (Kuhn, Moewus, and 
Wendt, Ber, 1939, 72, 1702). An isomer of safranal had been synthesised by Fischer and 
Loewenberg (Annalen, 1032, 404, 263), and safranal itself was synthesised in very poor yield by 
the direct dehydrogenation of §-cyclocitral, the product being isolated as a semicarbazone of 
85°, purity (Kuhn and Wendt, Ber, 1936, 69, 1549). A further synthesis envisaged by Karrer 
and Ochsner (Helv. Chim. Acta, 1947, 30, 2092) has not proved successful 
It was found that the rearrangement of (V1) to 4-methylsafranal (X) could be effected 
easily, the 2: 4-dinitrophenylhydrazone of (X) being formed merely by treating the unconjugated 
isomer with the hot reagent (in methanol and sulphuric acid). It appears that the hypercon 
jugation effect of the 4-methy! group is sufficient to enable isomerisation to take place in this 
case, The best preparative method for obtaining the conjugated isomer was found to be 
heating (V1) with methanolic sulphuric acid, and isolating the product as the semicarbazone 
from which regeneration with dilute sulphuric acid yielded the pure 4-methylsafranal (X). This 
aldehyde is being tested for any termonic activity by Dr. R. A. Lewin of the Osborn Botanical 
Laboratories, Yale University This investigation will throw light on the structural specificity 
associated with this type of activity 
The reaction between 1: 1 : 3-trimethylbutadiene and hept-2-yn-l-al (I; R Bu") required 
rather higher temperatures than the reaction with tetrolaldehyde. It could be effected by 
heating the components at 150° for 54 hours, whereupon impure 2 : 2 : 4-trimethyl-6-n-butyl 
yclohexa-3 : 6-dienealdehyde (XII) was obtained, characterised by its 2: 4-dinitrophenyl 
hydrazgone The product was assigned structure (XII) rather than the other possible structure 
by analogy with the tetrolaldehyde adduct, but the correctness of this assumption has not been 
confirmed otherwise. On careful redistillation, the aldehyde was found not to be completely 
homogeneous. It was suspected that some aromaticization had occurred at the rather high 


Me f* CHO Me 
f CHO 
Me Bu* 
7 
(XU) 


reaction temperature employed, and this was confirmed by the fact that a small amount of 
another 2 : 4-dinitrophenylhydrazone could be isolated, believed to be the derivative of the 
unknown 2 : 4-dimethyl-6-n-butylbenzaldehyde (XIII) 

The ultra-violet light absorption properties of the various compounds described in this paper, 
together with those of reiated substances, are set out in the table. It had already been noticed 
(Bowden and Jones, loc. cit.; Braude, Jones, Sondheimer, and Toogood, loc. ci.) that intro 
duction of a 3: 4-double bond into acetyleyclohexene (XIV) to give 2 : 5-dihydroacetophenone 
(XV), increases 2... by ca. 150 a. and lowers ¢«,,, to ca. 30% of its former value. The 
introduction of a 3: 4-double bond into 1l-acetyl-2-alkylcyclohexenes has comparatively little 
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effect, but in this case the original acetyleyclohexenes already have abnormally low «,,, values 
(Braude, Jones, Koch, Richardson, Sondheimer, and Toogood, /., 1949, 1890). When we now 
consider the light-absorption properties of the diene aldehydes described in this paper, it becomes 
apparent that introduction of a 3: 4<louble bond into 2-methyleyclohexenealdebyde (IV) 
(which shows normal light absorption), to give (II), increases ),,,, by only ca. 60 a. and lowers 
fuse tO Only ca. 60% of its former value. A similar effect is cbserved on introducing a 
3: 4-double bond (and an extra methyl group) into 6-cyclocitral (AVI) to give (VI).* Thus the 
introduction of a 3. 4-double bond into cyclchexenealdehydes does not cause as marked an efiect 
on the light absorption as in the case of the acetylcyclohexenes 
2: 4-Dinitro 
Carbonyl compound Semicarbazone phenylhydrazone + 


© mes Ames. ” 


23.20)" 
21,700 
23,908 
22,500 


24, Sam 
19,700 


15,3 
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All light-absorption data, unless stated otherwise, were determined in ethanol Data in italics 
refer to inflexions 

* In » hexane ¢ In chloroform. Main band only $ Not quite pure 

' Braude, Jones, Koch, Richardson, Sondheimer, and Toogood, J.. 1949, 1890. * Brande, Jones 
Sondheimer, and Toogwom!, /.. 19469, 607 * Heilbron, Jones, Richardson, and Sondheimer, /., 1949 
737. * Young and Linden, /. Amer Chem. Soc, 1947, 6B, 2072. * Andrews, Cristol, Lindenbaum, 
and Young, td, 1045, 67, 715. * Lunt and Sondheimer, preceding paper ’ Kuhn and Winter 
stein, Her, 1034. 67, 3446 Values read from graph. * Kuhn and Wendt, ibid, 1936, 69, 1549 


The semicarbazones and 2: 4-dinitrophenyihvdrazones of the unconjugated diene aldehydes 
all have the properties expected of derivatives of a$-unsaturated aldehydes with 2$$-substitu 
tion. 4-Methylsafranal (X) and its semicarbazone exhibit A,,,, 
those of safranal and its semicarbazone (a shght increase would be expected owing to the extra 


values in good agreement with 


alky! substitution Unfortunately, no comparison of the ¢,,, values can be made because of 


the uncertainty of the method used by Kuhn for calculating these values 


EXPERIMENTAL 


\baorption spectra, unless stated otherwise, were determined in alcoholic solution, m p-sand b ps 


are uncorrected 


letvolaldehyde Inethyl Acetal (1. 1-Diethorvbut-2-ve a) a-Bromocrotonaldehyde was prepared 
from crotenaldehyde and bromine, fallowed by dehydrobromination with potassium acetate, as described 
bw Claisen (ier, 1011, 44 1161 The diethyl acetal was prepared from the bromo-aldehyde (87 ¢ 
ethyl orthoformate (95 ¢ ethanol (103 and concentrated hydrochloric acid (1 cx ( laisen's 
conditions (foc cit.) for the preparation of the dimethy! acetal being used The ethyl acetal, obtained in 
73%, yield, had b. p. 83--85° 15 mm... wiP* 145746 (Vigwier, Joc. cot., gives b. p. 86°/15 mm n}} 14565 

The a-bromocrotonaldehyde drethy! acetal (85 g.) and a solution of potassium hydroxide (30 g.) in 


methanol (124 ¢.c } were heated under reflux for 2 hours. Most of the solvent was distilled off through a 


* It has recently been found im these laboratomes (Braude, Jones, and Sendhemmer, forthcoming 
publication) that some aldehydes in ethanol solution exhibited imoconsstent ¢,,, values, probably 
owing to hemiacetal formation. The light-absorption data of most of the aldehydes described in this 
paper have therefore been determined in w-hexane. In consequence, a strict comparison with related 
aldehydes, determined previously in ethanolic solution, cannot be made 
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short column, enough water added to the residue to dissolve the inorganic matter, the organic layer 
separated, and the aqueous layer washed with ether (4 x 100 ¢.c.). The combined organic extracts 
were dried and evaporated, and the residue was distilled. The recovered bromo-acetal (26 g.) was again 
heated for 2 hours with a solution of potassium hydroxide (5-5 g.) in methanol (25¢.c.). Working up as 
before and redistillation of the combined crude ucts then gave cs tetrolaidehyde diethy! acetal 
(42 g., 78%), b. p. 60-—62°/11 mm., #]f* 1-4310 (Viguier, loc. cit., gives 6365" /13 mm., =f 1-4271) 
The preparation of the ethy! acetal in methanolic solution, whereby no cikox Linterchange is observed, 
has the advantage over the methods of Viguier and Claisen in that no spec efhicient fractronation of 
the product is necessary 


(6) Propyne was p by adding | . 2-dibromopropane (450 g.) dropwise to a refluxing solution of 
potassium hydroxide ( g.) in »-butanol (1 |.) contained in a copper flask, during 6 hours he gas was 
passed through water, a calcium chloride tower, and then into a stirred and ice-cooled ethereal solution 
of ethylmagnesium bromide ( from magnesium, 40-0 g., and ethy! bromide, 190 g.) in a nitrogen 
atmosphere. After all the dibromopropane had been added, the butanol solution was refluxed until 
no more gas was evolved; next morning ethyl! orthoformate (210 g.) in ether (100 c.c.) was added 
to the stirred and gently refluxing Grignard reaction mixture (which had separated into two layers) 
during 4 hours. After another hour's refluxing, the ether was distilled off, dry benzene (0 ¢.c.) added to 
the residue, and ‘the mixture heated under reflux without stirring on the steam-bath for | hour, then 
cooled in ice; a solution of ammonium chloride (250 g.) in water (1 1.) was added all at once, and the 
mixture was stirred vigorously. Complete decomposition of the solid complex required several hours 
occasional external cooling being necessary. The product was then isolated with ether in the usual way 
Pure tetrolaldehyde diethyl acetal (160 g., 80% based on the ethyl! orthoformate) was obtained, b. p 
6263-5" /14 mm., njf* 11-4300, 

Tetrolaldehyde (But-2-yn-l-al) (1; RK « Me).—-The ethy! acetal (90 g.) and a trace of quinol were 
shaken overnight with a saturated aqueous tartaric acid solution (80 ¢.c.) in a nitrogen atmosphere 
Saturated aqueous calcium chloride (360 c.c.) was added, and the shaking continued for 2-3 minutes 
The aldehyde and unchanged acetal were extracted with ether, the dried ethereal solution was evaporated, 
and the residue distilled through a small column. The tetrolaldehyde (average yield; 15 g., 35%) had 
b. p. 105—110°/755 mm., »}f 1-446 (Viguier, loc. cit., p. 482, gives b. p. 106-5107", wi} 1-4467, for a 
specially purified sample) "Light a tion Maxima, 2250 and 3160 4.; © « 2,800 and 85, respect 
ively. In addition, unchanged acetal (ca. 33 g.; 37% recovery) could be isolated. There was some 
resinous residue. The 2 : 4-dinitrophenylhydrazone, prepared — the aldehyde or the acetal, crystallised 
from ethanol in yellow needles, m. p. 136° (Found: N, 22-05. C,,H,O,N pmquies N, 226%). Light 
absorption (in chloroform; main band only) Maximum, 360 a.; t 25,000 


Hept-2-yn-1-al (1; R Bu* \ solution of sodamide in liquid ammonia (120 cc.) was — from 
sodium (03 g Vaughn, Vogt, and Nieuwland’s ferric nitrate catalyst (/. Amer. Chem. Soc., 1934, 1 
2120) being used. Hex-l-yne (33 g.) was added during 30 minutes to the stirred and cooled (alcohol 
carbon dioxide) reaction mixture. After another hour's stirring at ca «”°, the ammonia was 
evaporated from the light brown suspension on the steam-bath with continuous stirring, the volume being 
kept constant by gradual addition of dry ether. The stable ethereal suspension of sodio-hexyne thus 
obtained was added slowly to ethyl formate (59-2 g., 100% excess) with stirring and cooling (alcohol 
carbon dioxide), the temperature being kept at —20° throughout. The reaction mixture was allowed 
to attain room temperature, whereupon a reddish-brown slightly turbid solution was obtained. This was 
stirred for 45 minutes at 20° and another 1 hour at ©, and then acetic acid (27 g.) was 
gradually introduced. The mixture was poured into ice and water and the aqueous layer was extracted 
with ether (2 « 150c.c.). The combined ethereal extracts were washed with water and excess of sodium 
hydrogen carbonate solution, and dried. Evaporation of ether and recovered starting materials left a 
residue which on distillation gave hept-2-yn-1-al (10-6 g., 24%), b. p. 52—-54°/13 mm., » ) 1-4521 (Pound 
C, 76-6; H,%2. C,H yO requires C, 76-3; H, 915%). Light absorption : Maxima, 2270 and 3240 a 

« ~ 3,200 and 155, respectively. The 2: 4-dinitr sdisuslielinaamne crystallised from aqueous methanol! 
in yellow needles, m. p. 74° (Found ; N, 19-6. C By N, requires N, 19-3%). 


3 : 6-Dihydro-o-tolualdchyde (11).—-Tetrolaidehyde (12 g.), butadiene (12 g.), and a trace of quino!l 
were heated in a stainless-steel autoclave for 7 hours at 120°. Distillation of the product gave a low 
boiling fraction (6-5 g.) consisting largely of unchanged aldehyde, and crude 3 : 6-dihydro-o-toluaidehyde 
(5-9 g.), b. p. 60—70°/2 mm., nf 1-524. The recovered tetrolaldehyde was added to a mixture 
of butadiene (8 g.) and more acetylenic aldehyde (3 g.) and the solution was brought into reaction as 
before. Distillation then gave another 3-4 g. of the crude adduct. The combined products were 
redistilled through a small Vigreux column to yield pure 3 : 6-dihydro-o-tolualdehyde (82 g.. 31%), b. p 
65—66°/2 mm., nf 1-5246—1-5250 (Found; C, 78-9; H, 84. C,H,,O requires C, 78-65, H, 825%) 
The 2: 4-dimstrophenylhydrazone crystallised from ethyl! acetate in red needles, m. p. 219° (Found: C 
55-6; H, 475. C,H ON, requires C, 55-6; H, 4-65°,). bar semicarbasone crystallised from methoxy 
ethanol as a microcrystalline powder, m. p. 230° (Found : 60-1; H, 7-16. C,HON, requires C 
60-3; H, 7-3%). For light absorptions of the foregoing, see Tabie. 

0-Tolualdehyde (111).—The dibydro-o-tolualdehyde (0-17 g.) was heated under reflux for 54 hours in 


an atmosphere of nitrogen. The resulting dark brown liquid gave an orange 2 5 Tee ike”, endepre ee 
(0-11 g., 26%), which after crystallisation from ethyl acetate had m. 194 ; 


on admixture with an authentic specimen of o-tolualdehyde 2 ¢-diaitropheny thydrazone (m. p Tos oe 
2-Methyicyclohexencaldehyde (1V).—-A solution of dihydro-o-tolvaldehyde (1-78 g.) » redistilled 
methy! acetate (30 c.c.) was shaken with a palladium-calcium carbonate catalyst (0-8 g.; 0-75% Pd) in 
hydrogen, until 368 c.c. “— been absorbed at phy mm., Rapa gm hed F. Removal of 
ee ee ionation of the residue, gave 2-met ldeh yd 
w Ay ( od tonite 





(0-80 g.), b. p. 65—ST°/2 mm., #f 1-5020 (Heilbron, Jones, Richardson, and J. 1949, 737, 
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give b. p. 103° 27 mm, «ff 1.0001 The 2) ¢dinitrophenylhydrazone, after one crystallisation from 
ethy! acetate, formed red peedies. m p. 155°, undepressed on admixture with an authentic specimen 
(m. p. 186-187 

2.2.4.6 Tetvamethylicyclobese-3  6-diencaldehyds (V1 Tetrolaidehyde (12-0 g.), 1 . 1: 3-trimethy! 
batadione (17-2 ¢.; 10%, excess, Jitkow and Bogert. J]. Amer. Chom. Soc., 1061, 63, 1979), and a trace of 
quinel were heated in 4 stainless-steel autoclave for 64 hours at 125-130 Distillation of a small 
amvrant of the product showed it to comtain a considerable amount of unchanged starting materials 
Heating at 125-130" was therefore comtinued for « further 10 hours Distillation of the product gave 
4 small fore-run of starting materials, and then the crude adduct (ca. § g.) as a pleasant smelling liquid 
b. p. 6776/2 mm, afP* 1-510. Distillation through a short column into six fractions showed the 
product to be inhomogeneous, as can be seen from the physical properties of three representative 
tractions : (ii) (08 ¢), b. p. 66-67" /2 mm., aff 1.4960 (light absorption in =-hexane. maxima 
2550, and 26104 . 5300, 7000. and 5500. respectively iv 22¢ b. p. 71-732 mm 
15073 \light absorption maxima, 2300, 2510, and 2570 a Ps 8300, 6100, and 6100 respectively 
vi) (10 g), b. p. 76-862 mm., wfP* 1-5150 (light absorption: maxima, 2280, 2510, and 2570 a 
‘ 7000, 6800, and 6800. respectively; imflexion, 2370 a 7, li The main fractions were 
recombined and converted iste the semicarbazone in the usual way he crude derivative after one 
crystallisation from aqueous methanol gave the semicarbasone of 2.2.4 6 -tetramethylevcichexa-3 : 6 
lieneakichyde (5-5 g.. 15%,) as regular needles, m. p. 146-148": a small quantity was farther crystal 
lised to constant m. p. 149-151 Pound. C. 65-25: H.6465. ¢ rath ye! YN, requires C, 65-1 H, 45% 
Light absorption see Table 


The sem arbasone 53 « was heated under reflux for 4 hours with a stirred mixture of 
ight petroleum (0) «. b. p, @--80°) and 2n-sulphuric acid (50 « im a nitrogen atmosphere, tw« 
clear layers being obtained Isulation in the usual manner gave the pure aldehyde (3-4) g.) as a mobile 
liquid, b. p. 75° 2 mm. sf* 1.5005 (Found C, 807; H, O89. « “quires C, 80-45; HH, 98% 
Light absorption see Tatle The regenerated aldehyde with semicarbazide acetate solution gave the 
orgimal semiarbazone mp. (crude) 147-149 When the semicarbazone was cleaved by steam 
distillation with oxalic acid, the aldehydic product had b. p. 69-—70°/1-7 mm., af 15197. Light 
sbearptiom Maxima, 2360 and 3160 « t 4800 and 3900, respectively Probably some rearrange 
ment occurred during regeneration The 2 4-dimstrophenylhydrazone, prepared either from the semi 
cathazone of trom the pare aldehyde, crystallised from ethanol-ethy! acetate as red needles, m, p. 177 
178" (Pound C, 007, H, 585. C,H ON, requires C, 50-3, H, ! Light absorption 
Tale 


T vriomethylbensaldehyde (VIII The diene aldehyde (0-12 ¢.) was heated under reflux for | 
howr in a mitre fh atmosphere The dark brown liquid product gave a red 2 4-dinitropheny! 
ola ¢ 75%,) which after two crystallisations from ethyl acetate chloroform had m. p 249 
undepressed on admixture with a sample (m. p. 250-251") prepared from authentic 2: 4 6-trime 
bensaldeh ycle 


When the orginal reaction between tetrolakiehyde and 1° 1 3-trimethy!lbutadiene was carned out 
at higher temperatures (140° or 160°) consuterable pressure was observed on opening the autoclave The 
products on distillation were found to be quite inhomogeneous, and the main fractions gave a 2. 4-di 
mtrophenylhydrazone, mp. 240-251, and a semicarbazone, m. p. 158-— 189 Neither of these m. p.s 
was depressed on admixtare with the derivatives (m p. 250-—251° and 188-189, respectively) prepared 
from auth « 2 4. 6 trimethyibenzaldelyde 

Part ds from 2.2.4: 6. Tetramethylcyclohera-3 | 6-dienecaldehyde (VI The aldehyde 

iv, tise! ve n rechistilled methyl! acetate (12 was shaken with a palladium calcium carbonate 
catalyst (0 75%, Pa) om hydrogen entil 148 ¢.c. of gas had been absorbed at 24°/770 mm_., corre 
sponding ¢t ‘ of catalyst and solvent gave a ressdue ap 14760 Light absorption 
in «- hexane 1 : and 2500 4 I +e 1% and 100, respectively. Distillation into several! 
fractoone « materi be inhomogeneous The combined fractrons were converted into the 
2 é-tinitrophenythwe me the usual way The crude derivative was dissolved in benzene and 
poored on a column ume The chromatogram was developed with benzene, three bands being 
obtaimes | niv small antities of impure materials were isolated from the upper two bands, but the 
lowest. m ' { ied what us beliewed to be the 2. 4-desitropaenylaydraszone of 4-methyl-« 
evelovitral (1X ‘ ta xi from ethy! acetate-ethanol in yellow needies, m. p. 213-—2 Found 

Coe, HL 66 ’ equres ©. 58-05, H, 64% Light absorption (in chloroform; maim 
band onl) Maximom, 3610 « e 2450 


2 2 4 @-Tetrametivicy ‘ 6-diencaldehyde (4-Methylsafranal) (X The unconjugated diene 
aldehyde (0-30 g.) was added t | ‘ moentrated sulphuric acid (2 ¢.c.) in methanol (1-5 c« 
and water ()-5« at The solution was kept at this temperature for ca. | mimute, and a solution of 
potassium acetate in methanol was added dropwise, unil the precipitation of potassium sulphate was 

mplete The cooled mixture was filtered, and the filtrate concentrated and treated with a solution 
of wemicarbagihie acetate in aqueous methanol: after several hours’ storage at room temperature and 
overnight at 0°. a soled was precipitated Crystallisation from aqueous methanol yielded 4-methyl- 
safranal semicarbarone (0-21 ¢ ) as light vellow plates. m. p. 157° (Found: C, 65-55; H, 8&7. C,,H,,ON, 
requires C, 66-1, H, # 45%, Light absorption . see Table 


The semicarbarone (0:19 ¢ ) was heated under reflux for 24 hours with a stirred mixture of light 
pene WW cx b. p. 60-80) and In-sulphuric acid (10 cc.) in a nitrogen atmosphere, two clear 
avers being obtained. Isolation in the usual manner gave 4-methylsafranal (0-10 g.), b so oS 
(hath temp.) 2 mm. (Found: C, 6. H, 975. C,,H,,.O requires C, 80-45; H, @8%). Light 
absorption see Tatle. The 2: 4-dinttrophenylaydracone was prepared from the regenerated aldehyde, 
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from the semicarbazone, and also from the unrearranged aldehyde by treating it with the hot reagent (in 
methanol and sulphuric acid). In all cases the derivative crystallised from ethyl acetate m purple 
plates, m. p. 195° (Pound: C, 50-3; H, 5-95. C,,H.O,N, requires C, 503; H, 585%). Light 
absorption - see Table 


2:2. 4-Trimethyl-6-n-butyicyclohera-3 : 6-diencaldehyde (X11).—Hept-2-yn-l-al (45 g.), 1: 1: 3-tri 
methylbutadiene (4-5 g.; 15%, excess) and a trace of quinol were heated in a stainiess-stee! autoclave at 
150° for S hours. Distillation of the product yielded the crude adduct (3-4 g , 40%,) as a mobile liquid, 
b. p. 96—100°/1 mm., »7F 15071. Light absorption: see Table. The 2: 4-diwitrophenyihydrazone 
crystallised from ethanol in red needles, m. p. 140-—141° (Found ; C, 62-2; H,@8. C..H,,O,N, requires 
C, 62:15; H, 68% Light absorption ; see Table. On careful redistillation into several fractions, the 
adduct was found not to be completely homogeneous (nf? 1-5040-—1-5105). A small amount of another 
2 : 4-dinitrophenythydrazone, believed to be that of 4-dimethy!-6-n-butyibenzaldehyde, could be 
isolated. It crystallised from ethyl! acetate in orange plates, m. p. 159-160". Light absorption (in 
chloroform ; main band only) Maximum, 3860,.. «¢ ~ 30.900 
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656. The Structure of Tannins. Part I. The Reduction of 
Chalkone. 


By L. R. Fincn and D. E. Wurre 


The bimolecular reduction product of chalkone obtained by Russell (/., 1934, 218) has 
been shown by the preparation of a dioxime and by synthesis from (+ )-8f'-<liphenyladipoy! 
chloride and diphenyleadmium to be (+)-1 > 3) 4° 6-tetraphenylhexane-! ; 6-dione (11), and 
not a pinacol as suggested by Russell Thus, there is no reason to believe that reduction of 
substituted chalkones gives “ flavpinacols " and no basis for the assumption of such a structure 
in the tannins 

Some of the reactions of (+)-1: 3: 4: 6-tetraphenylhexane-1 : 6-dione have been studied and 
the isomenc meso-compound obtained by other authors from chalkone has also been synthesised 
from meso-88'-diphenyladipoy! chloride and diphenylcadmium 


Tue “ flavpinacol ” structure proposed for natural phlobatannins (Russell and Todd, J., 1934, 
1066; Russell, Chem. Reviews, 1935, 17, 155) is based on the belief that the bimolecular reduction 
product, m. p. 197°, obtained from chalkone by zinc dust and acetic acid is a pinacol, presumably 
(1). From this it is supposed that the crystalline reduction products of other chalkones are 
similar and “ that in the case of 2-hydroxychalkones the reaction follows the same course and 
that the reduction products of these are likewise of the bis type." 


ul “<CPbh(OH)-CHICHPh), (CHPh-CHyCOPh), (IL.) 


Harries and Hiibner (Annalen, 1897, 296, 295) had previously obtained from chalkone a 
bimolecular reduction product, m. p. 270°, which they considered to be 1: 3: 4 : 6-tetraphenyl- 
hexane-1! : 6-dione (II). This structure was supported by Wislicenus and Lehmann (ihid., 1898, 
302, 195) who obtained a similar compound by reduction of 2: 3-diphenyl-1 : 4-dibenzoyl- 
butadiene. Similarly, Conant and Cutter (J. Amer. Chem. Soc., 1926, 48, 1016) obtained two 
isomeric products, m. p. 194° and 266°, by reduction of chalkone with vanadous chloride and 
considered that they were stereoisomers of (IJ). This is in agreement with Kobler and 
Thompson's finding (sbid., 1937, 59, 887) that reduction of af-unsaturated ketones with zinc and 
acid proceeds solely by 1 : 4-addition, and with the ready dehydration of the low-melting isomer 
(Conant and Cutter, Joc. cit.). Similar products were also obtained by Shima (Mem. Coll. Sci 
Kyoto, 1929, a, 12, 327; Brit. Abstr., 1930, A, 344) although he believed the iow-melting isomer 
to be (1), whereas Dippy and Lewis (Rec. Trav. chim., 1937, 56, 1000) obtained 1: 3: 4: 6-tetra- 
phenythexane-1 : 6-dione,”’ m. p. 243°-—apparently a mixture of the two stereoisomers. Takagi 
and Sakaguti (J. Pharm. Soc. Japan, 1938, 68, 797; Chem. Abstr, 1939, 383, 2608) follow Shima 
in describing their low-melting material (m. p. 167-—168°) as (1). 

Both isomers, m. p. 196° and 269°, have now been obtained by reduction of chalkone with 
zinc dust and acid, although it was not possible to duplicate the high yield of the low-melting 
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momer reported by Russell (J., 1934, 218). This isomer was recovered unchanged after treat- 
ment with pheny! isocyanate or with 3. 5-dinitrobenzoy! chloride under mild conditions 

The substance, m. p. 196", did not react with permanganate in boiling acetone. This lack of 
reactivity and the formation of a dibromide from it and from its dehydration product (Conant 
and Cutter, loc. cot.; Russell and Todd, loc. cit.) are difficult to reconcile with structure (I) 

Positive evidence for structure (II) has now been obtained by the preparation of an oxime 
from the low-melting reduction product, under the conditions used by Cook, Hewett, and 
Lawrence (/., 1936, 71) for the oximation of hexahydroanthrone. The high-melting isomer 
formed a nitrogen-containing product under these conditions but this was not obtained pure. 

Finally, (4-)- and meso-1 : 3; 4: 6-tetraphenylhexane-1| : 6-dione have been obtained from 
{+)- and meso-86’-diphenyladipic acids of known configuration (Oomen and Vogel, /]., 1930, 
2148), by treatment of the acid chlorides with diphenyleadmium. The diphenyladipic acids 
were prepared by electrolytic reduction of cinnamic acid (Wilson and Wilson, Trans. Electrochem 
Soe., 1943, 84, 153), and the meso-acid chloride was obtained by Oomen and Vogel's method 
(lec. ett.). The (+)-acid formed a red product under these conditions but, by Bachmann and 
Wilds’s procedure (J. Amer. Chem. Soc, 1940, 62, 2084; Johnson, “ Organic Reactions,” Vol. II, 
p. 138 (procedure I1)), (+)-88'-diphenyladipoy! chloride was obtained and used without further 
purification 

The (4 amd meso-l 3: 4: 6-tetraphenylhexane-1 : 6-diones obtained in this way were 
identical with the chalkone reduction products, m. p. 196° and 269°, respectively 

Russel) and Todd (loc. cif.) obtained two isomernc dehydration products, m. p. 112° and 178°, 
by the action of alcoholic sulphuric acid on (4-)-1: 3: 4: 6-tetraphenylhexane-! : 6-dione, and 
Conant and Cutter (loc ett.) obtained, by the action of sodium ethoxide, a product of m. p. 123°, 
which they deseribe as I-benzoyl-2: 4° 5-triphenyleyclopentene. Acetic anhydride and 
sulphuric acid or 3: 5-dinitrobenzoyl chloride and pyridine have now been found to give a 
dehydration product, m. p. 182°, probably identical with Russell and Todd's product of m. p 
178 From its behaviour with permonophthalic acid and its reaction with bromine to form a 
chbromade of m. p. 178° identical with that formed from (+-)-1 | 3: 4: 6-tetraphenylhexane-! : 6- 
dione, this appears to be I-benzoy!l-2 : 4: 5-triphenyleyelopentene. When (+-)-1: 3: 4: 6-tetra- 
phenylhexane-1 : #-dione is treated with sodium ethoxide the same compound is obtained, but 
the memer of mp. 123° is also formed, in amount depending upon the time of reaction. The 
higher - melting was also converted into the lower-melting isomer by sodium ethoxde The two 
isomers might be re and racemic forms of l-benzoyl-2 : 4° 5-triphenyleyclepentene, but this 
is unlikely as meso-l | 3: 4: 6-tetraphenylhexane-! : 6-dione resists dehydration with aceti 
anhydride and sulphuric acid and with bromine forms the same compound as does the (+ )-isomer 
‘Conant and Cutter, jv cit) Hence, the lower-melting isomer 1s believed to be 1-benzoy!l- 
2:3: S-triphenyleyclopentene, formed by migration of the double bond in the presence of sodium 
ethoxide. This structural difference is confirmed by the fact that bromination of the presumed 
I-benzoyl.2. 3: S-triphenvieyelepentene gives, not a dibromide, but a product which, although 
not completely purified, is clearly only a monobromide 


EXPERIMENTAL 
M. p.s are uncorrected 


Reduction of Chalhowe —Chalkone (5 @ ) im acetic acid (15 ml.) and alcohol (100 ml.) was heated under 
reflux during the gradual addition (10 minutes) of sinc dust (2 ¢ The hot solution was filtered The 
reduction products separated on cooling On treatment with boiling alcohol (100 ml. )the lower-melting 
reduction prxiuct dissolved and formed colourless needles, m. p. 191-104" (1:3 ¢ on cooling 
Keerystallisation from acetone ot alcohol raised the m. p. to 195-196" ‘Found: C, 86-0; H, 64% M 
389 | Rast Cale. tor CHO, C, 861; H, 63%; M, 418-5 This substance did not react with 
potassium permanganate in behing acetone, with phthalic anhydride in boiling toluene, or with pheny! 
soo yanate in healing benzene, and did not form a coloured salt with chromic acid. It was also recovered 
unchanged after treatment with 3) 5-dinitrobenzoy! chiornde in boiling benzene 


The material not extracted by alcohol (0-5 ¢ ) formed colourless needles, m. p. 268—260°, from benzene 
it was slightly soluble in alcohol, acetone, benzene, chloroform, carbon tetrachloride, or ether and did 
not react with acetic anhydride and sulphuric aced in the cold or on warming 


dn ter ay of Drosime a) The redection product of m. p. 196° (0-5 g.) and hydroxylamine 
hydrochloride (0-8 g.) were suspended in pyridine (1.5 mi.) and heated on a boiling water-bath for 
2 hours, After cooling and evaporation of the solvent, water (40 mi.) was added and the precipitate 
collected, crystallised from aqueous alcohol, and washed with hot water and dilute hydrochloric acid till 
free from ine (0-5 g.). Eight crystallisations from aqueous methanol gave | . 3: 4 : 6-tefrapheny!l- 
acvamel diosime, colourless plat-:, = p. 218-219" (18 mg.) (Pound: N, 64. C,,H,,O,N, 
requires N, 626%). 
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(6) The reduction product, m. p. 268-—269° (0-2 g.), treated by the same method gave a crude dioxime 
(0-16 g.), m. p. 242—250°, raised by eight crystallisations trom methanol, acetone and aqueous alcohol to 
270° (depresssed to 243-—247° by the reduction product, m. p. 268-260"), This product (3-5 mg.) was 
not quite homogeneous when viewed under the microscope but contained nitrogen (Lassaigne test). 


meso-l : 3: 4: 6-Tetraphenyihexane-| - 6-dione Magnesium (2-5 g.) was allowed to react with bromo- 
benzene (16 g.) in ether (125 ml.; dried with sodium), and when the reaction was complete cadmium 
chloride (14 g.; powdered, sieved, and dried 2 days at 100°) was added during 2 hours with mechanical 
stirring and cooling in ice. After a further 30 minutes’ stirring the ice was replaced by a water-bath, 
and meso-88'-diphenyladipoy! chloride (1-5 g.) in warm benzene (100 ml.; dried with sodium) added and 
the ether distilled off the mixture was then stirred and refluxed for 24 hours, whereafter crushed ice 
and 10% hydrochloric acid (50 ml.) were added during 20 minutes, with stirring. On steam-distillation, 
meso-l 3: 4: 6-tetraphenylhexane-1 : 6<dione (0-95 g.) solidified and was collected and washed with 
ether and sodium hydroxide solution. It formed colourless needles (from benzene), m. p. 269-270", 
undepressed on admixture with the chalkone reduction product of m P 268 269° but depressed to 
252—254° on admixture with meso-88'-diphenyladipic acid, m. p. 270-27 


(+)-1: 3:4: 6-Tetraphenyihexane-| | 6-dione.—( + )-28'-Diphenyladipoy! chioride was obtained from 
(+-)-88"-diphenyladipic acid (3-0 g.) in dry ether (7-5 mi.) and pyridine (1 drop) with thionyl chloride 
(2-5 ml.), first at room temperature and then at 40° (cf. Bachmann and Wilds, Joc. oif.; Johnson, lec. cit.) 
and added in benzene (120 m!.) to the solution of diphenyicadmium pi 1 as described above 
Working up as above gave (+)-1: 3: 4: 6-tetraphenythexane-1 : 6-<dlione (2:3 ¢.) which, after being 
washed with sodium hydroxide solution, crystallised from alcohol in colourless needles, m. p. 195-196 
undepressed on admixture with the chalkone reduction product of m. p. 196 


Dehydration of (+-)-1. 3: 4: 6-Tetraphenylhexane-| : 6-dione.-(a) With acetic anhydride and sulphuric 
acid. (+)-1:3.> 4: 6-Tetraphenylhexane-| : 6-dione (0-25 g.) rapidly dissolved in acetic anhydride 
(5 ml.) on the addition of sulphuric acid (1 drop). When the solution was poured into water I -bensoy!- 
2:4: S-triphenyicyclopentene separated (0-18 g.) and formed colourless prisms, m. p. 182°, from aqueous 
alcohol and from acetone [Found: C, 80-85; H, 60; M, 415 (Rast), C,.H,,O requires C, 00-0; H, 
60%; M, 400-5 It reacted with 0-27 mole of permonophthalic acid in 21 days at room temperature 


(b) With 3: 5-dinitrobensoyl chloride and pyridine. To 3: 5-dinitrobenzoyl chloride prepared from 
3 : 5-dinitrobenzoic acid (0-5 g.), thiony! chloride (10 mil.), and pyridine (1 mi.), (4-)-1: 3: 4: 6-tetra- 
phenyihexane-1 : 6-dione (0-25 g.) and pyridine (2-5 ml.) were added and the mixture was heated at 100° 
for 3) minutes. The dark product was washed with water and sodium hydrogen carbonate solution and 
after five crystallisations from alcohol formed straw-coloured prisms, m. p. 170-5180", raised to 182 
on admixture with the above product of m. p. 182°. 


(c) With sodium ethoride. (+)-1:3: 4: 6-Tetraphenylhexane-1 : 6-dione (2-/ g.), suspended in 05%, 
alcohol (100 ml), was added to a solution prepared from sodium (2 g.) and al_chol (30 ml.), and was 
boiled for 10 minutes. After 12 hours the solution was neutralised with acetic acid, and hot water 
added. On cooling, the product separated and on fractional crystallisation from alcohol formed long 
colourless prisms, m. p. 123” (1-7 g.), and colourless prisms, m. p. 182° (0-4 g.). The first compound, 
originally described by Conant and Cutter (loc. cst.), is now believed to be 1-benzoyl-2 : 3: 5-tripheny!- 
cyclopentene, while the second was identical with the l-benzoyl-2 . 4: 5-triphenyleyclopentene described 
above (m. p. and mixed m.p.). When the time of reaction was reduced from 10 to 2 minutes, only 0-6 ¢ 
of the isomer of m. p. 123° was obtained, but 1-5 g. of the isomer of m. p. 182 


When I-benzoy!-2 : 4: 5-triphenyleyelopentene, m. p. 182°, was treated similarly with sodium 
ethoxide solution, similar mixtures of the two isomers were obtained and separated by fractional crystal 
lisation from alcohol 


Bromination of 1-Benzoyl-2 4° 5-triphenyicyclopentene._—|-Benzoyl-2 : 4: 5-triphenyleyelopentene 
(0-3 g.) in acetic acid (30 mi.) was treated with bromine (0-25 ml.) and warmed on the steam-bath for 
10 minutes. On addition of water the dibromide separated (0-17 g.) and formed yellow needles, m. p 
178°, from aqueous alcohol (Found: C, 64-4; H, 3-85; Br, 200. Cale. for C,H,OBr,: C, 64-5 ii 
40; Br, 286% This compound was also obtained by similar treatment of (+-)-1 > 3: 4: 6-tetra- 
phenylhexane-1| . 6-dione 


Bromination of 1-Benzoyl-2 . 3: 5-triphenyicyclopentene.—1-Benzoyl-2 . 3; 5-triphenyleyclopentene 
(0-2 g.), brominated as above, gave a monobromide which formed yellow needles, m. p. 193°, from alcohol 
(Found: Br, 15-5. C,,H,,OBr requires Br, 16-7% 


Thanks are due to the Commonwealth Kesearch Grant to Australian Universities for a grant and to 
Drs. Weiler and Strauss, Oxford, for the microanalyses 
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657. The Dipole Moments of Ethylene Oxide and Carbonyl Chloride 
in Benzene Solution, and a Note on a Useful Modification of Barclay 
and Le Fevre’'s Equation. 


By C. L. Awovat, G. A. Barctay, and R. J. W. Le Fiver 


in spite of its negative Kerr constant, ethylene oxide shows a emailer apparent moment in 
beneene solution (1:53 p.) than as a gas (1-89 p.). Such behaviowr is predicted by several 
empirical relations, utilising quantities easily deduced from scale drawings, which avoid use of 
the sometimes inaccessible refractive index required by Barclay and Le Févre's original 
expression. The applicability of the new equations to the er a mye yusly cited (/., 1950 
556), as well as to carbonyl chloride and certam other molecules, is also demonstrated 


Recent work in Sydney has shown that two substances having negative Kerr constants, viz, 
sulphur dioxide and methylene dichloride, have apparent moments in benzene solution which 
are jess than the true values determined in the gaseous state (cf. /., 1950, 283, 556 Such a 
relationship was unexpected, since all previous discussions utilising the algebraic sign of the 
Kerr constant had predicted pyssice/iyas Patios greater than unity in these cases. (A fuller 
explanation is given in the references just cited, and also in /., 1950, 290.) 

In furtherance of the programme outlined earlier (Trans. Faraday Soc., 1947, 48, 392) we 
have now examined ethylene oxide and found evidence that it provides a third example of the 
above type of solvent effect. By contrast, the results for carbonyl chloride now reported 
display no unorthodox features 

Present Work Dry ethylene oxide or carbonyl chloride, purified by distillation, was 
absorbed in sodium-dned benzene, concentrations being determined by weight Details of 
procedure were as recorded by Le Févre and Koss (/., 1950, 283) and Barclay and Le Févre 

J, 1960, 556 The dielectric constants and densities measured are tabulated below under the 
ual headings (cf Trans. Faraday Soc, 1950, 46, 1, whereim methods of calculation are also 
mentioned 
Lthylene oxide in benzene ai 25 
” 173 11Ss 1355 1722 77 187s 20689 Liiva 26a0 
2.2725 2.3573 230646 2-3702 24198 24h l4eol 
O8797 ©S7337 O87T353 O-S7346 OU -STESI OST3H) O-87345 
Whence mean « 7 nean Sd, OOS, oF, MO Bex and, if the distortion polarisation 
i14 - t }aar by use of the yyserved) molecular refraction (11-40 « 
~ appears as 1-8, 1 
Alortide in benzene at 25 
1805 loa 2017 2504 270 
2 2970 2 3053 2 joe? 
> aTOM osTeTs O-S7080 ORS104 UO Sa209 
Whence t ‘ 4 ‘ ; o349, J/ 44a, and, if t listortion polarisation 
in 3 iv nd pane or. Che 5 1034, 66, 1697), then »« 1 D 


Desouasior “ leterminations of the dipole moment of ethylene oxide as a vapour are 
in the literature 1 ss Stuart, Z. Physik, 1928, 51, 490) and 1-91» (Ramaswamy, Pro 
Indian Acad SS 1a3¢ 7 10s The second figure was obtained from results at two 
temperatures nly w wv 1 a Debye equation P 0-05 2266) | was fitted vet 
Ramaswamy himeel! i. p. 675), a the Sellmeier dispersion formula and refractive-index 
measurements of : . ated the electron pol arisation as 1O@l cx In this connection 
we note that fron vervat mn th juid (Beilstein Handbuc! XVII, 4, and XVII,* 3 
the Ne » tie « i , Vogel's Table XXII of ] 1948, 1833, the constants 
corresponding to t nethy ler ps 1 at ether oxygen, without any adjustment for a 
3-ring, amount to tion polarisation evidently is too small, and 
his final u therefor ghitly gh 1 q read s of le lL) see am, 2t three temperatures 
and from these ’ ' ming the values for ke as listed by Birge, Reports Progr 
Physt 1941, B. 126) the relatw 4 . Zisse 7 Since 11°58 is in better accord with 
the refractivity th i we conclud h the moment indicated by B 21.680 
188 ©... is the mo 

The ratio, wing Pte jak’ found | riment for ethylene oxide at 25”, is 


at. e ~~ 
— 


27, O@es, se, less that ity estite a negative Kerr constant 
lo? 1o* 760 mm. 195°, S890 a Stuart P + 1930, 63. N40 


. 
‘ 


therefore 68°7 
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The structure and dimensions of this molecule are known from electron-diffraction 
photographs by Ackermann and Mayer (J. Chem. Physics, 1946, 4, 377) and the micro-wave 
spectroscopic study by Shulman, Dailey, and Townes (Physical Rev, 1048, 74, 846). Fig. 1 
incorporates the interatomic distances and angles cited by these authors, together with the 
appropriate ‘ Wirkungsradien "' (Stuart, Z. paysikal. Chem., 1935, B, 27, 350). Following 
Barclay and Le Févre, therefore, 4, B, and C are related as 3°90 : 4°46 : 3°64, and exp. s* follows 
as 0-006 

The dipole moment of carbonyl chloride has been determined as 1:18, p. in the gaseous 
state (Smyth and McAlpine, J. Amer. Chem. Soc, 1934, 56, 1697) and as 1:10 p. dissolved in 
carbon tetrachloride at 0° (Le Févre and Le Févre, ]., 1935, 1696); when recalculated with 
modern constants (Birge, loc, cit.) these values become 1-19 and 1-11 p., respectively ; the present 
are the first measurements obtained with benzene as a solvent 


Fie. | 
Fes an 


The ratio y*ou,/H%as 18 therefore 0-:902—a figure which, with the positive electric double 
refraction noted by Hansen (Diss., Karlsruhe, 1912), places carbony! chloride unexceptionably 
among the majority of molecules for which the algebraic sign of 8u(— poe digas) 1S the reverse 
of that of the Kerr constant 

In structure, carbony! chloride is a flat Y for which slightly differing dimensions have been 
stated in the past. We have adopted the following (from the compilation recently made by 
Allen and Sutton, Acta Cryst., 1950, 3, 46): C-O, 1-18 a., C-Cl, 174 aA., angle Cl-C-Cl, 112°5". 
Fig. 2 shows a sectional plan, from which A, B, and C are 4°95, 6°06, and 3°16, respectively, and 
exp. s* is 0-673 

Aiternatiwe Empirical Expressions for p*vio /\t"gue The cases of ethylene oxide and carbonyl 
chloride draw attention to a deficiency of Barclay and Le Feévre's equation as a practically 
useful means whereby y,,, may be calculated from measurements of py, 1m the form proposed, 
(1), it contained the quotient m*,/n*,. For those substances which are gases or solids under 
ordinary conditions th« refractive index as a liquid at 25° (our working temperature) is not 
readily available 

Our search for alternative expressions has been guided by the intuitive guesses (a) that the 
term involving s*, being concerned essentially with areas, may be a measure of hindrance to rota- 
tion, so that exp. a* (or perhaps e* — 1) is reflecting the non-randomness of rotational modes about 
the greatest and least axes of length of the solute molecule, and (6) that a second term is needed 
whose difference from unity has some relation to the exclusion from spherical distribution of the 
centres of the molecules surrounding the solute in the directions collinear and perpendicular to 
its resultant moment, and in consequence to the disturbance from isotropy of its polarisable 
solvent environment. 
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Of many tried, we select equations (2), (3), and (4) for especial comparison with (1) : 


w/a", (ty — Ijlexp. s* ~ wy /w*)/(e, + 2) - , (1) 


wu, r 1G, Ijfexp. 2* — exp. ((R,/Ry)(1 ~ 4,B,C,/A,B,C,))} (eo, + 2 (3) 
wud, 


l 

uit, ~ 1 + (e, — I)lemp. s* ~— exp.(s’, (e, + 2) . (2) 
, 
i 


(ts I)jexp. s* - exp (A,"/A,")(1 A,B,C, /A,B,C,))} (e, + 2 - (4) 
In the above, subscripts 1 and 2 refer to solute and solvent respectively, R and # are molecular 
refractions and refractive indices, while the quantity 4* is defined as 


yA + (C — Ay 


where A is fused as the greatest dimension measured on a scale mode! drawn as stated by Barclay 
and Le Févre (loc cat 4, B, and C are mutually perpendicular, and of B and C the latter is 
the lesser. For the factor s*, however, A is taken along the direction of uonags. ete. (cf. Barclay 
and Le Févre, loc. cif), so that s* «c* A*) (greatest dimension)* 

In the following table we apply formula (1)—/(4) to those substances considered in Table IV 
of the paper by Barclay and Le Févre, for benzene (solvent) A*, «= O'101, A,B,C, 117-6, and 
t, B) (a, + 2) 2978 at 2! It will be observed that each of the four equations modifies 
om, 18 the correct direction. Equations (3) and (4) are particularly successful with paraldehyde, 
for which the excess of wu. Over uy, 18 the greatest on record (cf. /., 1950, 200; the anomalous 
centrosymmetric molecules studied by Sutton ef al, /., 1938, 1254, 1263, 1269, are of course 
another problem), although they are less satisfactory in other parts of the Table 


= Meee 
A*, KN, —? y ; found 

o-O261 114 

asst isa 

oO0se4 Zl 

Ooomm ti 


ooilel 12.5 
3a o1460 16 I, 
9™ O126m 33-1 


oi472 9 49 
! No 
oe SI , 
01290 31, 
1380 : 76 
174 Sia d 
432 BR 407 
194) 556 erroneously quotes s* 5 it should be —0-48 
19s) 556 


r with the ¢ 


A statistical investigation has been carned out on the material presented in this table 
Where ranges of observations exist (as with acetonitrile, nitromethane, etc.), arithmetic means 
have been struck and used Application of the “¢ and y*" tests at the 95° level of 
significance (cf Chambers Statistical Calculations for Beginners,” Cambridge, 1940—46 
Whetherburn A First Course in Mathematical Statistics,"’ Cambridge, 1946) to the differences 
between the expermental values and those calculated from equations (1) and (2) shows that 
there is no significant difference between them —-the experimental! values could have been drawn 
from universes represented by either of the equations. However, (1) deals with the data more 
adequately than does (3) or (4) The tests do not distinguish between equations (2), (3), and (4) 
The mean differences between observed and calculated values (with standard deviations) are 
for (1). oTl weove 2), OOS? (0-105 3), oes (119) (4), © 104 (0-127 

Om the basis of these tests therefore, it appears that equation (1) is to be preferred, but in the 
absence of data relating to refractive indices, equation (2) may be used to forecast the thgne 
without sagnificantly greater error 
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In addition to the foregoing considerations we note that (4) fails when the solvent has 
spherical symmetry 

Applications to Ethylene Oxide and Carbonyl Chloride Equations (2), (3), and (4) predict 
Beas [rOM Yee, 25 follows 


Meee (fownd) 
Ethylene oxide ° . a 1-ae 
Carbony! chloride : 119 


On the whole, therefore, equation (2) is to be preferred to (3). It is of interest to apply both to 
the 1935 observations on carbonyl chloride by Le Févre and Le Févre. If a distortion 
polarisation of 18°3 c.c. is used (instead of 17°4—to put past and present work on the same 
basis) in conjunction with modern constants, the apparent moment from the , P, given, viz 
44°7 c.c., becomes 1°09 p. For carbon tetrachloride, A*, is zero, 4,8,C, is 166-4, R, is 26°56, and 
(t, 1) (tc, + 2)), is 02982. From Vogel's list (/., 1948, 1842) of refraction constants, R, is 
16°3 c.c. (This figure has been computed deliberately from a general tabular source to illustrate 
the avoidance of an actual determination of refractive index.) Accordingly, wg,, is calculable 
by (2) as 1-14 p. and by (3) as 1°21 D.; comparison with the true value (1°19 p.) suggests that the 
earlier experiments, made under some difficulty in carbon tetrachloride at 0°, were not seriously 
mecorrect 


The authors are grateful to Mr. P. D. Lark for help with the statistical analysis, and to the 
Commonwealth Kesearch Fund for financial assistance 
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658. The Polarities of Molecules containing Iodine of Valency 


Higher than One. 
By (Mas.) C. G. Le Fitver and R. J. W. Le Pévee 
The tollowing dipole moments are recorded diphenyliodyl acetate,”” 3-5—5p.; iodoso 
benzene acetate, 4-0p.; iodobenzene dichloride, 2-6p.; NN-diacetaniline, 3-lp.; benzylidene 


diacetate, 3-0p.; and p-nitrobenzylidene diacetate, 4-2p. Indications are that iodoxybenzene 
has a polarity of 8 or more Db. units 


DuRiInGc 1936, at the request of Professor Irvine Masson, F.R.S., we measured the apparent 
dipole moments of “ diphenyliody] acetate "’ (1) and iodosobenzene acetate (II); for comparison, 
those of iodobenzene dichloride (III), diacetanilide (IV), benzylidene diacetate (V), and its 
p-nitro-derivative, were later determined. Results are shown beneath the formulae ; 


Ph, IO(OH), AcOH PhI(OAc), Phicl, PhNAc, PRCH(OAc), 
(1.) @ 3.5—Spo (1L.) ~~ 49D (111) o ~ 260 (1V.) sp «= Bip (V.) « @ 30p 


Discussion. The interest of (I) lies in its relation to iodoxybenzene, PhIO,, the dipole 
moment of which cannot be directly measured. Chemically iodoxybenzene is not neutral as 
stated by Willgerodt ( Die Organischen Verbindungen mit Mehrwehrtigem Jod,”’ Enke, 
Stuttgart, 1914, p. 35). With strong acids (¢.¢., in H,SO,) it seems to behave as a cation, yet in 
cold dilute alkalis it gives an iodate and an unstable intermediate, ‘ diphenyliody! hydroxide,’ 
Ph,1O-OH (formally analogous to the aryl-phosphonous and -arsonous acids); from this, via the 
carbonate, (1) is obtained by treatment with glacial acetic acid (Masson, Race, and Pounder, 
J, 1935, 1669) 

The Durham authors do not regard the derivatives from acetic and carbonic acids as ionix 
salts but rather as co-ordinated ring-compounds (¢.g., VI or less probably VII). Our measure 
ments support this view, since the moment estimated in benzene or dioxan is several D. units 
below the values recorded for such compounds as silver perchlorate (u =~ 11—12pv.) (Kraus and 
Hooper, Proc. Nat. Acad. Sei., 1933, 19, 939; J. Amer. Chem. Soc., 1935, 56, 2265) or various 
alkylammonium halides, picrates, acetates, etc. (4 = 7—20p.) (Geddes and Kraus, Trans 
Faraday Soc, 1936, 32, 585) in which ion-pair arrangements can be accepted 


O-+H—O O--CMe 
A 4 SS 
(VL) Ph,I om Oo (VIL) 
. P 
O-H 
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The order of the moment of (V1) (3-5-—5p _) suggests, further, that the Ar,1O, fragment has 
considerable polarity, which, since uo, is around 1°3p., must originate in the I-O links. In this 
comnection the results for (11), (TV), and (V) are of interest. If these molecules have approxi 
mately similar Y-configurations, then it is clear from the fact that a p-nitro-group in (V) increases 
the molecular resultant bw ca. Ip. that the net effect of the two acetoxy-groups in (V) is to 
produce a component acting towards the benzenoid ring. In (11) therefore either (4) the polarity 

5 . 
of I~ is om the sense I é and the resultant ca. 5p. is produced by the addition of 3 and 2, 


or (b) the 10 bonds are polarised as 1 O, and the resultant (4-9p.) represents the difference 
79 minus 3m. (Of these alternatives (+) is more likely since the iodoxy-group is emphatically 
meta-orventing (Masson, Kace, and Pounder, Joc. cit), a quality tequiring a strong positive 
influence to be adjacent to the ary! nucleus (cf. Annual Reports, 1926, 23, 130 

Recently Archer (deta Crystall., 19468, 1, 64) has described an X-ray analysis of crystalline 
pP-chloroiodexybenzene. The angle O-I-O is 103°, with its plane at 90° to that of the C,-ring 
two I-) distances are given: 160 and I '65a Both of the latter figures are notably less than 
the arithmetical means (1°99, 1°88, and 1°78, respectively) of O-O and I-I (1°32 and 2G6a.), of 
OO and IvI (1:11 and 2°66a.), and of OCO and [1 (111 and 246; cf. Table 21°2 of Pauling’s 
“ The Nature of the Chemical Bond,” Cornell Univ. Press, 1945, p. 164 Instances of such 
disagreements are not unknown, however (cf. op. cit., Chap. V1), and we infer therefore that in 
the iodoxy-group the 10 bond is “ double 

Hecause u,., is normally less than u,_,, our conclusion follows that pegs, 1s usually large 
most probably greater than &p 

The moment now determined for todobenzene dichloride is close to that (2°61p.) mentioned 
without obeervational data by Guryanova and Syrkin (dada Physicochem. URS S., 1939, 11 
657 Thew results for the f methy! and f chioro-derivatives (3-02 and 1°3p., re spectively) 
make it obvious that the molecular resultant in iodobenzene dichloride vectonally resembles 
that in iodobenzene but with an augmentation of some I-3p To produce such an increase, 
if, as seers likely, the Cl-I-Cl angle is ca. 120", each I-Cl link will itself need to exhibit a com 
ponent of I3p Ihe moment of iodine monochloride (as a gas) being O'5n. (Luft, Z. Physik, 
1933, 84, 767) resonance of the type suggested by the Russan authors (Joc. ctf.), viz 


offers a credible explanation, although, sunce the sodo-dichlorides have all been examined as 
solutions, it should be recalled that sodine monochioride in the non-polar media carbon tetra 
chiorde and cycdehexane has shown apparent moments from 0% to 1490. (Malone and 
Ferguson, |] Chem. Physics, 1934, 3, 99; Fairbrother, /., 1936, 847) 


EXPERIMENTAL. 


Materials and Method Compounds (I) and (11) were specimens given to us by Professor Masson 
(see / 1035, 1660. 1938, 1600), the others were obtained without difficulty by methods cited in Beil 
stems Mandbuch (V, p. 227 » 200) The experinmental techniques used have been as described 
bee fonts Dipole Moments ‘ ven, 1948, Chap. 11) except that to avoid corrosion of the test condenser 
by uxfobenzeme dic hiorute lotion found that a Sayce-Hriscoe type of cell (op. est., p. 36) could be 
satisfactoriiy and easly coated ) graphite instead of miver the annular parts were first washed with 
wxlium « ate aolution and ! ntact Acheson's Aquadag © (diluted with an equal 
volume of dutilled water) for a! minut ithout movement of the cell, the quid was withdrawn by 
suction and warm air passed! irying was apparently complete he whole cell was then baked at 
200" for an hows Tue t ous hims which were chemically quite mert and adequately 
electrically conducting (1 t Bulletin No 230-3," issued by Messrs. E. G. Achison, Ltd.) 
The cell txxhes were 

Meacsercoments These are tabalated below under the usual headings (cf. Trans. Faraday Sec., 1950 
46. 1. for definityom With one exception the sets refer to benzene as solvent Luring earlier (1936 
Measurements concentrations were recorded as molar fractions, later (1937) weight fractions were adopted 
In the former instances therefore extr nite dilution requires Hedestrand's formula (Z 
phycstal Chom . 1070. BB 428 , {ti reet graphical method or that of Le Févre and Vine 

/ , 1937, 1805 Results with “ diphenylexiy! acetate must be regarded as approximate only, because 
{ uncertainties caused by its low solululity in benzene or dioxan Ihelectric constants and densities 
respectively, are expressed on the basis of the following data for the pure liquids at 25°: benzene 
2.2725, OS7378, dioxan, 22292, 1.03024 
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90-6 143-1 
22751 22764 
0- 87396 0-87392 O-87047 
Whence average at, ~ 26-8, average Bd, = 1-49, 


The individual values of at, and Sd, range over 18—-32 and 0-84—1-87, respectively; these correspond 
to maximem and minimum _?P, figures of 570 and 335 cc. By using a divided cell on a Pualfrich 
refractometer and reading differences bet ween solvent and solutions on the micrometer drum, estimates 
of (Rz)p of the order of 8) c.c. were obtained. These agreed roughly with the value expected from 
known atomic refractions. A moment between 3-5 and 4-0p. is accordingly indicated 


“ Diphenyliodyl acetate in diowan lodosobenzene acetate om benzene 
lof, a 190-8 oon 9 605-5 1s, Has 6 eel 1007-7 57310 
~ 22378 2-2534 22500 ad 2 2044 32-3212 2 3308 24471 
to 103058 1-03130 1-03143 & O-STHOL 0.87657 @S7712 O-88370 
Whence average a, 41-1, average Bd, “ae ‘ pa 2 panne = 2 sees 
1-74, and yy O53 ifp? Rilo = A aot ae 
R, (c. 65-8 67-7 


Whence _?P, (graphically) —« 563¢.c. Ii pP = (Rg)p 


cc, p 4-9,p 
* (mpl, = 149733 


WUC... 


lodobenzene dichloride in benzene NN Daacetylantione im benzene 
1139 1216 245) 2961 3301 ole 11,369 17.797 36.000 48,789 
23864 23804 25170 25578 22-5826 e 23430 23870 24921 25768 
O-91786 6-92052 0-96507 0-98011 0-90472 dP 87605 O8T734 O-88008 O-88312 
162 174 167 146 Whence E(e,, — ¢,)/Lw, = 620, Lid, — 4,) 
9-67, X(4,, — d,)/<e, = Lew, ~ 0196, and Pf, — 253 Taking pp?’ 
cA Taking pp? Rip as 5S as (Rep (cak from Vogel J., 1048, 1842 
(Sullivan, Z. physital. Chem., 1899, 28, 531), » 49 c.c., gp dip 
P 
Bensylidene diacetate in benzene p-Nutrobenzylidene diacetate tn benzene 
2035-7 5501-5 110249 ‘ Hw-4 1965-5 19606 2506-7 
2. Joss 234) 2 4006 22049 ».. 23105 2-3205 2-3318 
87537 ©-87676 © 87066 0-87461 O 87553 087555 087507 
233-0 232-9 229-7 418 402 
Whence _P, | hicall 247 cc. IH pP = Whence L(e,, 
Ry lp (cak 53 - 2 9p rs, 0-891, and 
[Rilp (cak oD, 
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659. Hydrory-carbonyl Compounds. Part XIV. The Syntheses 
of Some isoCoumarins. 


By A. Kamat, ALEXANDER Ropertson, and E, Tirrensor 


In exploratory experiments on the synthesis of isocoumarins 7-methoxy-, 6: 7-<dimethoxy- 
5-hydroxy-7-methyl-. and 5-methoxy-7-methyl-ssccoumarin, together with 6-methoxyise 
coumarin-4-carboxylic acid and methy! 5: 7-dimethoxyisecoumarin-4-carboxylate, have been 
synthesised by the method of Dieckmann and Meiser 

The orientations of certain orcinol carboxylic acids described by Jerdan have been revised 


AN evaluation of the possible routes to the synthesis of isocoumarins of type (IV) with particular 
reference to the parent compound has been made by Johnson ef al. (J. Org. Chem., 1948, 18, 477) 
whose findings are in agreement with the results obtained in this laboratory (unpublished work, 
1938—1940). For the synthesis of tsocoumarins devoid of alkyl groups in the 3- and 4-positions 
the method of Dieckmann and Meiser (Ber., 1908, 41, 3253), viz., condensation of ethyl formate 
with a homophthalic ester followed by cyclisation and subsequent elimination of the carbo 
methoxy-group in the 4-position of the resulting product, appeared to be the most feasible, and 
the present communication deals with further exploratory work on the synthesis of methoxytso- 
coumarins by this method. These studies were undertaken primarily because, by comparison 
with known unsaturated lactones, ssocoumarins may be expected to exhibit interesting 
physiological properties which, as far as we are aware, have not been examined systematically 
104G 
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(cf. Veldestra and Harigna, Exzymologia, 1044, 11, 373; Lauger ef al., Helv. Chim. Acta, 1944 
27, 692; Oxford, Annual Kev. Biochem, 1945, 14, 749; Haynes, Quart. Reviews, 1948, 2, 46) 

In the Dieckmann-Meiser route to isocoumarins of type (IV) two main problems arise: (a 
the preparation of the required intermediate homophthalic acids for which a variety of procedures 
are available (cf. Johnson ef al, loc. cit), and (5) the elimination of the ester group of the alky! 
isocoumarin-4-carboxylate by hydrolysis and decarboxylation. Thus the interaction of methy! 
2-carbomethoxy-4 . 5-dimethoxyphenyilacetate (1) with methy! formate and sodium methoxide 
gave the a-formy! derivative (11) which was readily cyclised by warm hydrochloric acid to methy! 


Met> CO Me COMe 
MeO, CH CO Me CH(CHO}-COMe 


(I I} 


6. 7-dimethoxytsocoumarin-4-carboxylate (III R Me), forming (1V) on hydrolysis and 
decarboxylation In some instances much loss of material occurred in the elimination of the 
carbomethoxy- or carbethoxy-group for the hydrolysis of which an alkaline reagent is precluded 
ez. whilst methy! 6: 7-dimethoxyisccoumarin-4-carboxylate (III; R Me) was readil 
hydrolysed with a warm mixture of concentrated hydrochloric and acetic acid giving (III; R 

H methyl 5-methoxy-7-methyl ancl «methyl #6: 8-dimethoxy-tsocoumarin-4-carboxylate 
required a warm mixture of concentrated hydriodic acid and acetic acid which simultaneous): 
effected demethylation, giving rise to the corresponding hydroxytsocoumarin-4-carboxylic acids 
It seems likely that the poor yields of methoxytsccoumarin-4-carboxylic acids ansing from the 
prolonged action of a warm hydrochloric acid-—acetic ac id mixture on their esters is caused, in 
part at least, by the tendency for the following equilibrium to obtain 


COOCHC COW 
C,H, 


H,0 CO,H ~ HC CO,H 
. ‘ 
latter component of the system, even if present only in small amount, 
lymerming side reactions In a re-investigation of possible hydrolytic pr 
after most of the experimental work had been completed, that a warm mixture 
sornde and acetic acid gave satisfactory results Thus with this reagent methyl! 
ssocoumarin-4-carboxylate (Ineckmann and Meiser, / ev.) and methyl 6 : 7-dimethoxytso- 
coumarin-4-carboxylate were smoothly converted into the corresponding 4-carboxylic acids, 
whilst in the case nethy! 5-methox, -7-methyl:sccoumarin-4-carboxylate the hydrolysis was 
ied bw decarboxylation giving 5-methoxy-7-methylisoccoumarin 
f vl 6: 8-dimethoxyisocoumarin-4-carboxylate, ethy! 2-carlx 
acetate (VII; R OEFt, R Et) was prepared from the acid (V; 
way of the ester (VI: K Et) and, on condensation with ethy! formate, 
ve (VIII) which was cvclised with warm hydrochloric acid Treatment 
§-dimethoxvisecoumarnn-4-carboxylate with a warm mixture of 
191d gave 6. 8-dihvdroxyvisccoumarin-4-carboxylic acid 
H) was described by Jerdan (/., 1899, 75, 808) in his extensive 


memoir r synthes orcinol-carboxyle acids, but the structure (\ k H, R Et 
1 was shown to be untenable by Asahina and Nogami (Proc. mf 
tcad . Tokyo, 1940, 16, 119) whose results could y be explained on the assumption that it had 
the structure (V. K Et H In view of the earlier erroneous formulation it seemed desir 


able that the revised tla should be vernhed The onentation of the tribasic acid obtained as 


there attr e¢ compouns 


its triethyl! ester ‘ ‘ ht . x¢ intramolecular condensation of ethyl! acetoned) 
carboxylate with so : lan, | if: cf. Pechmann ef al, Ber, 1886, 19, 1446; 1898, 31 
2014) was confirmed by vteson (J, 1900, 77, 11G¢ By fusion of this ester with alkali Jerdar 
loc. ext.) prepared a « aca (A hich he beliewed to be (VI kK H When ethy 
acetonedicarboxylate was heated with magnesium and a little ethy! chloroacetate Jerdan (loc. cat, 
obtained the diethy! ester (Bf) of a tribase acid to which he allocated formula (V; R H 
k Et On esterification, (B) gave rise to the triethyl ester (V; R and R’ Et) and of 
beimg heated with alkali it yielded the dibasic acid (A As a result of their failure to synthesise 
6 S-dumethoxy-3-methylisocoumarin when Jerdan’s dibasic acid (A) was employed as the 
starting material Asahina and Nogami (Joc. cit.) inferred that, in the intermediate which they 
prepared from (A) and expected to have the structure (VII; R = Me, R’ =~ H), the carboxy! 
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group was not in the ortho-position to the acetony! residue. Consequently they concluded that 
(A) was 4-carboxy-3 : 5-hydroxyphenylacetic acid (IX; R= R’ = H). In agreement with 


OH OH OMe OMe 


ROS CO,R COR CO,R CO,Et 
HO CH,CO,Et Ho CH,CO,R Me? CH,COR Me CH(CHO)-CORt 


(Vv (VI (VIL) (Vill 
OR 


R'O¢ Me) COM s 
RO CH,CO,R CHOCO oco,H 


. OMe CH 
(ix (Xx (XI X11.) 


the latter structure for (A) it has now been shown that the a-formy! derivative obtained from 
the methyl ester of the O-dimethyl ether of (A) does not undergo cyclisation to tsecoumarin 
whilst on oxidation the dimethy! ether of (A) yielded 2 : 6-dimethoxyterephthalic acid. On the 
other hand, cyclisation of the a-formy! derivative of (V; R R’ « Et) furnished ethyl 6 : 8&-di 
methoxyisocoumarin-3 : 7-dicarboxylate. In consequence it is clear that the following 
ompounds considered by lerdan (/oc. cit.) to be (4) 4-carbethoxy-2-carboxy-3 : 5-dihydroxy 
phenylacetic acid, (b) ethyl 2-carboxy-3 : 5-dihydroxyphenylacetate, (c) ethyl 2-carbethoxy- 
3: 5-dihbydroxyphenylacetate, and (d) 2-carbethoxy-3 : 5-dihydroxyphenylacetic acid are, 
espectively, (1) 2-carbethoxy-4-carboxy-3 : 5-dihydroxyphenylacetic acid, (2) ethyl 4-carboxy- 
3: 5-dihydroxyphenylacetate, (3) ethyl 4-carbethoxy-3 : 5-dihydroxyphenylacetate, and (4) 
i-carbethoxy-3 : 5-dihydroxyphenylacetic acid (cf. Asahina and Nogami, Joc. c#t.) 

In exploratory experiments on the preparation of 2-carboxy-4 : 6-dimethoxyphenylacetic 
acid (X1) required for the synthesis of methy! 5 : 7-dimethoxyisocoumarin-4-carboxylate, methyl 
6-formy!-3 : 5-dimethoxybenzoate was condensed with rhodanine, giving 5-(6-carbomethoxy 
2 : 4-dimethoxy benzylidene)rhodanine which on hydrolysis with aqueous sodium hydroxide gave 
rise to 5. 7-dimethoxytsothiocoumarin-3-carboxylic acid (X11). The formation of the latter acid 
s analogous to the conversion of o-carbethoxybenzylideneoxazolones into tsocarbostyril-3 
carboxvlic acids (Bain ef al., ]., 1914, 105, 2392) 2-Carboxy-4 : 6-dimethoxyphenylacetic acid 
was ultimately prepared by the methylation of 6-hydroxycoumaran-2-one-4-carboxylic acid 

X) formed by the action of boiling hydriodic acid on 4: 6-dimethoxyphthalide-3-carboxyli 
acid 


EXPERIMENTAL 

2-Carbory-4-methoryphenylacetic Acid An intimate mixture of 6-methoxyphthalide (Fritsch 
Annalen, 1897, 206, 355) (10 g.) and powdered potassium cyanide was kept at 185-—195° with stirring for 
45 minutes, cooled, and dissolved in a little water Acidification of the filtered solution, at below 0”, 
lilute hydrochloric acid furnished a dark brown precipitate which on crystallisation from methanol 
val) gave 2-carboxy-4-methoxybenzy! cyanide in light yellow prisms (6-—7 g.), m. p. 135° (Found 
H, 49. Cale. for C,,H,O,N : C, 62-8; H, 47%) (cf. Chakravarti and Swaminathan, /. /ndian 
Soe., 1934, 11, 101, who give m. p. 140° for the cyanide prepared by an alternative route This 
cyanide (30 g.) was boiled with 20% potassium hydroxide solution (250 mi.) until the evolution 
of ammonia had ceased, and the hydrolysate was cooled, filtered, and acidified with concentrated hydro 
chionc acid, giving 2-carboxy-4-methoxyphenylacetic acid, which was isolated with ether and crystallised 
from methanol, forming leaflets (22—24 g.), m. p. 184°, readily soluble in acetic acid or ethyl acetate and 
moderately soluble in alcohol or chloroform (Found : C, 57 H, 50. Calc. forC,H,O,: C,571; H 
45% Prepared by the methanol-sulphuric acid or diazomethane method, the methyl! ester of this 

acid had m. p. 58° (cf. Ungnade ef al., ]. Org. Chem., 1945, 10, 533, who give m. p. 53-54 


7-M ethorxryisocoumarin.—-On the addition of sodium methoxide (from 0-2 g. of sodiam) to a solution of 
methy! 2-carbomethoxy-4-methoxyphenylacetate (14) g.) in methyl formate (3 ml.) a vigorous reaction 
ensued. Next day the excess of methy! formate was removed in a vacuum, the residue was acidihed with 
cold dilute bydrochiorc acid, and the product isolated with ether. On being kept at below 0° a solution of 
this oi] in a little methanol deposited methyl a-(2-carbomethory-4 gr 3 a-formylacetate in colour 
less prisms (0-5 ¢.),m. p. 04° (Found: C, 50-0; H,5-1; OMe, 35-7. C,H Lape poe a ,587; H 
5-3; OMe, 34-6% , soluble in the usual organic solvents except light petroleum and readily reacting with 
alcoholic 2 : 4-dinitrophenylhydrazine hydrochloride. Cyclisation of this aldehyde-ester by warming it 
with a drop of hydrochloric acid yielded methy! 7-methoxytsocoumarin-4-carboxylate, m. p. 124°, which 
was identical with a specimen prepared by cyclisation of the crude formy! ester (cf. Ungnade ef al., loc 
cit.) (Found: C, 61-4; H, 44. Calc. for C,,H,,O,: C, 61-5; H, 43%); on hydrolysis the ester, m. p 
124°, gave 7-methoxyisecoumarin-4-carboxylic acid, m. p. 255°. An intimate mixture of this acid 
(1-6 g.) and copper-bronze (0-4 g.) was kept at 280—290° until the vigorous evolution of carbon dioxide 
had ceased, and the product was distilled in a vacuum, giving 7-methoryisocowmarin, b. p. 175° /12 mm 
which separated from benzene-light petroleum (b. p. 60-—80"°) or chloroform in colourless prismatx 
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needies, m. p. 106-100" (Found : C, 682; H, 47, OMe, 17-3. C,H,O,-OMe requires C, 68-2; H, 6-6 
OMe, 17.6%) 

6 Methoxymmocoumarin-+-carboryise Acid.—-Esterification of 2-carboxy-6-methoxybenzylacetic acid 
(Chakravarts and Swaminathan, joc. csi.) (3 g.) with a slight excess of ethereal diazomethane gave the 
dimethyl ester which formed elongated prisms (3 g ) trom benzene-light petroleum (b. p. 60-80") ‘Found 
©, @1; HL S&T; OMe, 370. CH,OfOMe), requires C, 60-5, H, 59; OMe, 39-1% interaction of 
thas ester (2 g.) with methy! formate (10 mi.) and sadiam methoxwe (1 g.) in absolute ether (10 mi 
during 24 hours gave an oily formyl! derivative which, on being warmed with a drop of hydrochloric acid 
on the water-bath for 20 minutes, yielded methyl 6-methoryisccoumarin-4-carborylate, This compound 
separated from methanol in small rectangular prisms (1-5g.).m. p. 128-5”, readily soluble in ether, acetone 
“a chloroform (Found. ©, 61-1, H, 46, OMe, 260. C..H,O (OMe), requires C, 61-5; H, 43; OMe 
26.5% When a mixture of this ester (0-2 g.), acetic acid (5 mi.), and concentrated hydrochioric acid 
(2 mil.) was refluaed for 7 hours, cooled, and diluted with a little water 6-methoryisocowmarin-4-carborylu 
acid separated and, on recrystallisation trom dilute acetic acid, formed colourless rectangular plates 
mp 256" (dex omp.), readily soluble in aloohol, acetone, or ethy! acetate, and sparingly soluble in benzene 
(Found: C, 607, H, 40; OMe, 133. C,H OeOMe requires C, 600; H, 36; OMe, 14-1% The 
same acid, m. p. 256° (decomp.), was obtained when the hydrolysis of the ester (0-5 g.) was effected with 
& Warm mixture of acetic acid ($5 ml.) and concentrated hydriodic acid (1-3 mi.) 


6. 7-Dimethoryisocoumanin (1V Toluene-p-sulphony! chlonde (9-1 g.) was added in small portions 

to a boiling solution of 5 6-dimethoxy-2-cximinoindan-l-one (Perkin and Robinson, J., 1907, 9], 1081 
(6-4 ¢.) in 10% aqueous scitium bydroxide (65 11.), and the mixture heated for | hour, treated with a little 
charcoal, filtered, cooled, and acidified with hydrochloric acid, giving 2-carbory-4 : 5-dimethosyphenyl 
acetomtirile, which formed colourless prismatic needies (46 g m. p. 183-5", from methanol (Found 
Cc, #6. HL Se: NL G1 C,,H,,O,% requires C, 50-7; H, 60; N, 63% Obtained from this nitrile 
2<arboay-4 | 5-dimethoryphenylacetic acid (Perkin and Kobinson, joc. cit.) (20 g.) was almost quantit 
atively esterified with boiling methanol (600 m!.) and concentrated sulphuric acid (20 ml.) during 15 hours 
On isolation in the usual manner the resulting methyl ester (I) crystallised from benzene in 
slender colourless needles, m. p. 92", soluble in the usual organic solvents except hght petroleum (Found 
C, 684, HL62. CyH,.O, requires C, 58-2; H, 60% A muxture of this compound (6-6 g.), methyl 
formate (40 mi.), and sodiam methoxide (from 1-2 g. of sodium) in ether (30 mi.) was kept at room 
temperature for 24 hours and then heated ander reflux with more methyl! formate (10 mi.) for 4 hours 
The resuioe left on evaporation of the reaction muxture was dissolved in water, the solution was acidified 
with 2n-hytirochiorc acid and extracted several times with ether, and the comluned extracts were washed 
with aqueous sudiam hydrogen carbonate and then water, dred, and evaporated, leaving the oily formly 
derivative ([1) of methyl! 2-carbomethoxy-4 - 5-dimethoxyphenylacetate which, on being warmed with 
a little concentrated hydrochloric acid on the steam-bath, was converted into methyl 6: 7-dimethoryiso 
coumarin 4-carborylate (III K Me) (5—54 @e Recrystallised from methanol, this sound 
formed colourless prismatic needles, m § soluble in warm alcohol, benzene, or ethy! te and 
insolutle in light petroleum | Found bf H, 46; OMe, 320. C,H,O (OMe), requires ( vt 
Hu. «44 (Me [2% When meth formate was replaced by ethy! formate is he for 1ng 
omiensation the product was ¢téyi 6 7 f i umarin-4-carboryiate which formed needies, m. p 


16, from a i (. . requires ©, (0-4 H, 4 %). % with a 


aceti 4) mi 
ler reflux for 4 hours ar 


formed slender needles 


‘ 
in ether, alco w ethyl 
H, 40 24-5 
i { 
wrnarin 
HOUrOSS prisms 13 
, OMe, 30-6. C,H,O, 
ol ft ) j ' " cette 1 less satisfactorniy 
acid ile 45 minutes 
mo 1 4 ’ ‘ ‘ ¢ : " " " t " m the lilute | 
mixtu 
arbomethoxy-6-methoxy-4-methyl 
rmate (35 n and sodium methoxide 
ative as an which on treatment with a 
rted methyl S-methory-7-methylisocommarm-4 
160 lilute acetic acid or methanol [Found 
629 H, 40; OMe, 25.0% A mixture of the 
t at 60-65" for § hours and next day the 
i jo m thioesulphate and then water, and crystallised 
i “a warm water ue S i mes . wmartn-4-carboryiic acid in microscopic prisms (0-6 g.) 
m,. p. 265 267° (decomp.), soluble in : roform, or ethyl acetate (Found: C, 600; H, 36 
‘ mie ), requires C. G0) Ht 34 he mpound p. 265—267° (dec omp.), was obtained 
when the eater (0) 5 ¢.) was heated ander reflu hy (1-3ml.; d@ 1-7) and acetic acid (5-5 ml 
tor 6 hours, followed by the removal of the acetic ace in a vacuum 


1 
was key 
‘ 


‘ 


tien of 5-hydroxy-7-methyltsecoumarin-4-carboxylic acid (0-5 g.) with copper-bronze 
200° gave 5-Avdrory-7-methylisocoumarimn which was sublimed in a vacuum and then 
crystallised from benzene-light petroleum (b. p. 60-80"), forming colourless microscopic prisms, m. p. 
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163-—164° (Found: C, 6790; H, 49. C,.H,O, requires C, 68-2; H, 46%) (0-6 g. from 25 g. of acid). 
This compouad, which has a negative ferric reaction in alcohol, is readily soluble in dilute aqueous sodium 
hydroxide and in the usual organic solvents except light petroleum. 


A mixture of methyl! 5-methoxy-7-methylisocoumarin-4-carboxylate (0-5 g.), acetic acid (15 mi.), and 
boron trifluoride (1 g.) was gently warmed under reflux for 4 hours and then evaporated in a vacuum 
Crystallised from dilute methanol, the residue gave 5-mecthosy-7-methylisocoumarin in long colourless 
needies (0-15 g.), m. p. 108°, insoluble in cold dilute aqueous sodium hydroxide and readily soluble in 
alcohol or benzene (Found : C, 69-6; H, 5-3; OMe, 164. C,,H,O.OMe requires C, 60-5; H, 53; OMe, 
16-3%) 

4-Carboxy-3 : 5-dimethoxyphenylacetic Acid (IX; R = R’ = H).—Esterification of 4-carboxy-3 : 5-di 
hydroxyphenylacetic acid (Jerdan, joc. cf.) with ethereal diazomethane gave the methyl ester (IX 
K « H, R’ Me), forming large prisms, m. p. 78°, from benzene (Found: C, 54-8; H, 52. Cale. for 
C,,H,,0,: C, 55-0; H, 50%) (cf. Asahina and Nogami, joc. c#.). When a mixture of the ester (9 ¢.) 
with methyl! sodide (8 mi., added in 2 portions), potassium carbonate (20 g.), and acetone was heated under 
reflax until a test sample failed to give a ferric reaction in alcohol, methyl 4-carbomethoxy- 
3: 6-dimethoxyphenylacetate (IX; R = RK’ ~ Me) was obtained in almost theoretical yield and 
formed colourless prisms, m. p. 82°, from a little benzene [Found : C, 585; H, 62; OMe, 45-6. Cake 
for C,H,O,(OMe),: C, 582; H, 60; OMe, 463%) (cf. Asahina and Nogami, joc. o., who give m. p 
72—73°). Prepared by the hydrolysis of this ester (1 g.) with 25% aqueous-alroholic sodium Rydrenide 

10 ml.) on the steam-bath for 4 hours 4-carbory-3 ; 5-dimethoayphenylacetic acid (IX; R Me, RK H) 
separated from acetic acid or dilute methanol in colourless prisms, m. p. 183° (decomp.) (Found: C, 
54-8; H, 50; OMe, 23-7. C,HsO(OMe), requires C, 550; H, 50; OMe, 25-58% 


Interaction of methyl 4-carbomethoxy-3 : 5-dimethoxyphenylacetate (6-6 ¢.), methy! formate (20 ml.), 
and sodium methoxide (from 1-15 ¢. of sodium) in ether at room temperature for 36 hours, followed by 
the isolation of the product in the usual manner, gave methyl a-(4-carbomethosy-3 | 5-dimethoayphenyl) 
a-formylacetate which crystallised from ethyl acetate in colourless, irregular prisms (4-1 g.), m. p. 112-6° 
(Found: C, 56-8; H, 57. C,,H,,O, requires C, 56-7; H, 5-4%). This product, which was soluble in 
benzene or acetone and insoluble in light petroleum, gave the usual reactions of an aldehyde but did not 
cyclise to form an isocoumarin. When the compound (2-5 g.) was dissolved in 5%, aqueous sodium 
hydroxide by gentle warming and the solution kept at room temperature for 36 hours and acidified 
4-carboxy-3 . 5-<dimethoxyphenylacetic acid (IX; R Me, kK’ H) was formed. Isolated with ether, 
the acid (2-4 g.) had m. p. 183° (decomp.) and was identified by comparison with an authentic specimen 
and by conversion into the dimethyl ester, m. p. and mixed m. p. 82°. 


3% Aqueous potassium permanganate (30 ml.) was slowly added to a solution of 4-carboxy-3 : 5-di- 
methoxyphenylacetic acid (1 g.) in 5% aqueous sodium hydroxide (20 ml.) and next day the solution 
was filtered, acidified with sulphuric acid, saturated with ammonium sulphate, and extracted several 
times with ether Evaporation of the dried extracts left 2: 6-dimethoxyterephthalic acid which on 
repeated crystallisation from dilute methanol formed colourless prisms, m. p. 292° (decomp.), identical 

mn authentic specimen (Brunner, Monatsh., 1928, 60, 216, gave m. p. 284°) (Pound: C, 53-1; 
OMe, 28:3. Cale. for C,H,O,(OMe),: C, 53-1; H, 4-4; OMe, 27-4%,). 

6. 8-Dimethoryisocoumarin-4 : 7-dicarborylate.—-Methylation of ethyl 2: 4-dicarbethoxy-3 : 5 
phenviacetate (Jerdan, / cit.) (4 g.) with methyl! iodide (3 ml.) and potassium carbonate 
acetone (25 ml juring 8 hours gave ethyl 2: 4-dicarbethory-3 : 5-dimethoryphenylacetate 

ym benzene-light petroleum b. p. 60-80") in « jNourless prisms (4 ¢ m. p. 53-—s4 

leohol, benzene, or acetone and having a negative ferric reaction (found: C, 58-4 
iires C, 58-7; H, 65% Sodium ethoxide (from 0-6 g. of sodium) was added toa 
7 «.) in a mixture of ethyl formate (6 ml.) and ether (20 mil.), and the resulting 
ture kept for 24 hours and evaporated in a vacuum After the addition of dilute 
the residue the formyl! derivative was isolated with ether and cyclised with a little 
hydrochloric acid, giving ethyl 6 : 8-dimethoryisocoumarin-4 : 7-dicarborylate which 
rless needles (5 m. p. 135-5", from alcohol-acetic acid (Found c, 6&1 H, 
res C, 58-3; H, 51% The urless alcoholic solution of this compound, which 
e fi rescence comes red on exposure to light Attempts to hydrolyse the 
hi { with warm acetic acid or formic acid-—hydrochioric acid resulted in 
ron re le products When a mixture of the compound (0-2 g.) and hydriedk 
@ 1-7) was kept at 65-—70° for 2 hours, cooled, diluted with water, and extracted with ether, a 


‘ 


bstance was obtained which separated from alcohol in tiny needles, m. p. 112-—-113°, insoluble 
n aqueous sodium bydrowen carbonate and giving an intense bluc-violet ferric reaction in alcoho! (Found 


C, 56-7; H, 46. Cale. for C.gH gO, C, 571; H, 48%) 


When ethyl 6: 8-dimethoxyisocoumarin-4 : 7-dicarboxylate (2-5 g.) was heated with hydriedic acid 


14 ml.; d 1-7) and acetic anhydride (9 ml.) on the steam-bath for § hours an acilic substance 
was obtained which crystallised from dilute methanol in tiny needles (1-1 g.), m. p. 23%— 239° (decomp 
giving a port-wine ferric reaction in alcohol (Found: C, 54-5; H,3-7. Cale. for ¢ wit,.O,: C, 565; H 
3-9%). This compound may be 7-carbethoxy-6-hydroxy-8-methoxytsecoumarin-4-carboxylic acid 


Ethyl 6: 8-Dimethoxryisocoumarin-4-carborylac.._The decarboxylation of ethyl 2-carbethoxy-4 
carboxy-3 : 5-dihydroxyphenylacetate (V; K Et, R’ = H) according to the method of Nogami (/ 
Pharm. Soc., 1041, 61, Te) (heating with quinoline and copper-bronze) was unsatisfactory On being 
heated with glycerol (100 ml.) at 150° for about 15 minutes the acid (2 g.) gave ethy! 2-carbethoxy-3: 5-di- 
hydroxyphenylacetate (0-9 g.), m. p. 108°, which on methylation by the methy! iodide-potassium 
carbonate method furnished ethyl 2-carbethoxy-3 : 5-dimethoxyphenylacetate (ci. Nogami, loc ct.) 
When sodium ethoxide (1 g.) was added to a mixture of this ester (1 g.), ethyl formate (5 ml.), and ether 
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10 mi.) a vigorous reaction enseed with the separation of a solid which subsequently redissolved in the 


course of 24 hours After the removal of the ether and unchanged ethyi formate in a vacuum the residue 
was treated with warm hydrochlors acid, and the resulting «tayi 6 | §-dimethoryiscoumarin-4-carborylate 
was isolated with ether and crystallised from alcoboi or acetic acid, forming colourless prismatic needles 
06 ¢), m. p. 148", readily soluble in chloroform or acetone and sparingly suiuble in benzene (Found 
C, 3; H.&3. C.H,O, requires C, 4; H, 50% Attempts to hydrolyse the carbethoxy-group 
with warm hydrochiors acud—acetixc acad were unsuccessful but when the compound (0-1 g 
with a mixture of hydriedic acid (2 ml.;, d 1-7) and acetic anhydride (1 ml.) on the steam-bath fo 
simultaneous bydrotywis and demethylation took place, resulting tn the formation of a smal! amount 
acidic substance which separated from dilute methanol in macroscopic needles, m. p. 82°, and exh 
a blee-victet ferric reaction 
6 Hydeoryccemaran 2 one-4-carboryls es When 4. 6-dimethoxyphthalide-3 
achd (Graves and Adame, /. Amer. Chem. * 2451) (3-6 2.) was boiled with hydricdic acid 
(16 ml.; 21-7) and red phosphorus (1 & he ooled mixture deposited 6-Aydrorycoumaran-2 
one-4-cartorvise acid (X) mixed with red phe ('n isolation with the aid of dilute aqueous sadium 
bydroaide the actd separated from dilu . i tiny prisms (2-7 306° (decomp.), readily 
soluble in al olor acetuor and having tv a reaction our , 8556: H. 3-2 C,H, s 
requires C, 566-7, H, 31%, 
Mehvi f Lemethoryvimx umarin-4-carb at The foregoing coumaranone-4-carboxyli acid 
ted with an excess of methyi su ate and 20% aqueous sodium hydroxide and the 
eated undet u r 2 hours Acedification of the cooled solution with 
dimethorvphenviacelic acid (X1) which formed needles 
te wetone, of Chloroform and spari Vv soluble 
pti! ) (OMe : ‘ I 550 H, 50 OMe 
i < nile in 4 acid gave rise to J -dimethoxyphthals 
with an authentic specimen innalen, 1807, 206, 357 Prepared 
liazomethane, metayi L-« é eek v4) O-dimelAcryfphenyilacetale separated 
um ib. p. —— in rhominc 5 : n. p. 58-5° (Pound: C, 581, H, 58 
H, 60% Wher lium t (ire { exdium) was led 
and methyi form 3m im etl 5m) foros reaction 


toa 


subeeqpuer lissei ve the u Pa he Alter having 
solut\ was eval n he ut was treated) 
was isolated iti rystalised from warm me 
umarin- 2 t rm colourless needles (0-7 « 


eum (Found ‘ 
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In the course of a: naive invest won « et le procs of Basidiomycetes fungi 
including the w iting " ‘ ent inj ! ith laboratories it has been found 
that, when grown © nthet ! jtain nary Polyporus tumulosus Cooke 


the cause of r* t m falles } ‘ marcinata) log gives a clear bright 
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yellow metabolic liquor from which ether extracted a complex mixture. By fractionation of 
this product there has been isolated oxalic acid, homoprotocatechuic acid, and a new acid 
C,H,O, shown to be 2: 4: 5-trihydroxyphenyiglyoxylic acid (I) by the following reactions. 


OH OMe N 
HO, MeO GOH HO ‘OH 
. OH OH OR’ . ~— \ Jou 
CO-CO,H €O-CO,R N < 
C(OH)-CO,K 
(1.) (Ia.) (IL) (IIL) 


On being warmed with concentrated sulphuric acid the glyoxylic acid (1) gives carbon 
monoxide and 2: 4: 5-trihydroxybenzoic acid which was identified by its conversion into 
methyl! asarylate. By the methy! sulphate-potassium carbonate method (I) gives the methy! 
ester (IL; RK « R’ « Me) in which the carbonyl group is established by the formation of an 
oxime and a 2: 4-dinitrophenylhydrazone. Hydrolysis of (11; R =~ R° «= Me) gave the acid 
(Il; R = H, R’ «= Me) which formed a 2: 4-dinitrophenylhydrazone and on oxidation with 
alkaline hydrogen peroxide gave asarylic acid. With hot aqueous sodium hydroxide the acid 
(I) gave oxalic acid and 2:4: 5:2’: 4 : S-hexahydroxydipheny! which was isolated as the 
hexamethy! ether and which clearly arose by the oxidation of hydroxyquinol initially formed 
In agreement with the behaviour of o-hydroxyphenylglyoxylic acid (Marchlewski and Sosnowski, 
Ber., 1901, 34, 2201) the acid (I) gave the hydroxyquinoxaline (111) The same compound 
(III) was obtained from the ester of a monomethy! ether of (1) formed by means of diazomethane 
with which (I) curiously enough appears to react abnormally. In this respect and in its failure 
to form diagnostic carbonyl derivatives the acid (1) closely resembles the 2 : 4-dihydroxyphenyl 
givoxylic acids (Hunsberger and Amstuz, ]. Amer. Chem. Soc., 1948, 70, 671). Noteworthy in 
this connection is the possibility of the acid (I) existing in tautomeric forms of which (la) is an 
example (ci. Hansberger and Amstuz, Joc. cit.) 

The structure of the acid (1) was confirmed by its synthesis from hydroxyquinol and ethyl 
cyanoformate and also by the synthesis of (II; R «= R’ « H) which on methylation gave 

Il; R = R’ = Me) 

[he production, by the mould, of the two related catechol derivatives, viz., homoproto- 
catechuic acid and (1), is noteworthy and, although the hydroxylation of the catechol nucleus 
can be effected by biological agents, it is not possible at present to say whether their occurrence 
in the present conditions implies a direct phytochemical relationship. This question is being 
investigated and it may be significant that in old cultures (100 days) only traces of 
homoprotocatechuic acid are present 


EXPERIMENTAL. 


Isolation of the Crude Metabolic Products The mould Polyporus tumulosus Cooke was grown on the 
hquid mediam (sterile, with initial pH 4-44) described by Willams and Saunders (Hiochem. ]., 1934, 88 
1887), modified by the substitution of glucose (50 or 100 ¢ pe 1.) and glycine (2 g. per |.) respectively for 
sucrose and asparagine and by the addition of 01% o marmite ' (yeast extract) the growing 
conditions were a temperature of 30° for 40-—60 days. An extensive study of the effects of variations 
in the medium and conditions of growth on the metabolic products produced by this mould will be 
reported elsewhere 

To the clear yellow acidified metabolic liquor (batches of 15-30 1.) ammonium sulphate (100 g. per | 
was added and the filtered mixture exhausted in a counter-current extractor with ether The extract 
(1-5-2 L.) was filtered through a bed of sodium sulphate and evaporated ; the yield was about 3-3 g. per ! 
of liquor. When a solution of a sample of this semi-solid in toluene was distilled the distillate deposited 
oxalic acid which was identified by analysis and comparison with an authentic sample 


Depending on the use of benzene-acetone, various fractionation procedures were employed for the 
separation of homoprotocatechuic acid and 2: 4: 5-trihydroxyphenyigiyoxylic acid from the ethereal 
extract of the metabolic liquor. The following procedure, however, was found to be more convenient 
4A solution of the crude extract (7-85 g.) in saturated aqueous sodium hydrogen carbonate (100 ml 
pH 7-95) was exhausted with ether by the continuous method and the extract evaporated, leaving an 
oily residue (100 mg.). The acidity of this aqueous liquor was then adjusted to pH 40 with hydrochiork 
acid and extraction with ether continued; evaporation of this extract gave a protocatechuic acid 
fraction (1-7g.). The aqueous phase was then acidified to pH 1-5 and again exhausted with ether during 
several days, giving a sticky red crystalline product (3-83 g.) consisting mainly of 2: 4: 5-trihydroxy 
phenylglyoxylic acid. 


Homoprotocatechuic Acid.—A solution of the crude acid (1 g.) im hot ethyl acetate (25 ml.) was mixed 


with hot ligroin (50 ml.), filtered to remove a small dark red precipitate, and cooled, giving homoproto 
atechuic acid in glistening colourless plates (0-8 g.), m. p. 125--126°, which on recgystallisation had 
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m. p. 128-5", identical with an authentic specimen (Pictet and Gams, Ber. 1900, 48, 2949) ‘Found 
C, 87-2; H, 4-8%): Mf (by titration), 167-3. Cak. for C,H,.O,: C, 57-1; H, 48%; M, 168 Prepared 
with methy! sulphate aad aquecus axtiom hydroside, the dimet) 


’ 
on identical with aut w 3 4<limethouyphenyvila 
2, H, @1 








yi ether formed lustrous plates, m. p 
acid ‘Fownd: C, 61-1; H, 60; OMe, 30-8 
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needies, initial m. p. 197 fecomy hanging to 193° (decomy Found: C,4485; H,37. C,H,O,H,O 
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H, 50; OMe, 38-58%) (cf. Smith and Haller, J. Amer. Chem. Soc., 1934, 56, 238). This compound, 
which had a negative ferric reaction and did not react with ophenylenediamine, gave a 2 : 4-di- 
nitrophenylhydrazone, separating from alcohol and then ethyi acetate-light petroleum (b. p. 60-80") 
(1: 1) im slender light red needles which, on being heated slowly, decomposed at 234-235" after shrink- 
ing at 208 Rapidly heated, this derivative had m. p. 208° |Found: C, 48-9; H, 42; OMe, 21-3 
C,H ,O,N, (OMe), requires C, 48-6; H, 3-8; OMe, 22-1%, 


Oxidation of 2: 4: 5-trimethoxyglyoxylic acid (from 2 g. of ester) in 2n-aqueous sodium hydroxide 
60 m1.) with hydrogen peroxide (10 ml.) at room temperature for 1 hour and then on the steam-bath for 
10 minutes gave rise to asarylic acid. Crystallised from water (charcoal), this acid formed colourless 
needies (1-28 ¢ m. p. 144-145", identical with an authentic specimen (Found: C, 574; H, 57; 
OMe, 42:3. Cale. for C,H,O(OMe),: C, 56-6; H, 5-7; OMe, 43-09%). 


(6) Methylation of 2: 4: 5-trihydroxyphenylglyoxylic acid (6 g.), dissolved in ether (60 ml.) and 
methanol (6 mi with an excess of ethereal diazomethane for | hour gave a tarry product from which 
warm xylene extracted the methyl ester (3-3 g.), m. p. 122--123°, of a momnomethy! ether of the glyaxylic 
acid. On repeated recrystallisation this compound formed bright yellow needles, m. p. 124-—-124-5", 
from xylene ‘Found: C, 52-7; H, 43; OMe, 262. C,H,O (OMe), requires C, 53-1; H, 44; OMe, 
27-4%,), soluble in aqueous sodium hydroxide, insoluble in aqueous sodium carbonate and giving only a 
faint green ferric reaction in alcohol. On methylation by the methyl sulphate-potassiam carbonate 
method it gave methyl 2 : 4: 5-trimethoxyphenyigiyoxylate, m. p. and mixed m. p. 135 Boiled with 
a solution of o-phenylenediamine (0-5 g.) in alcohol (10 mi.) for 10 minutes the compound (0-5 g.) gave 
rise to 3-hydroxy-2-(2 : 4: 5-trihydroxypheny!)quinoxaline, m. p. above 350°, after purification from 
aqueous pyridine (Found: C, 62-6; H, 3-0; N, 9-9% Hydrolysis of this ester (0-5 ¢.) with boiling 
20% alcoholic potassium hydroxide (20 ml.) for § hour and isolation of the product with ether from the 
diluted and acidified hydrolysate gave rise to a monomethyl ether (0-45 g.) of 2: 4: 5-trihydroxypheny!l 
glyoxylic acid which formed yellowish-green needles, m. p. 174-1745", from warm xylene { yund 
C, 51-2; H, 38; OMe, 14-1; M (by potentiometric titration), 212-5. C.H,O OMe requires C, 50-9 
H, 3-8; OMe, 146%; M,% With alcoholic or aqueous ferric chloride this compound gave a deep 
green colour which rapidly changed to greenish-brown 


(ec) Obtained by the interaction of ethyl cyanoformate (Glaud ef al., Chem. Zentr., 1934, 106, 11, 3437 
(1-5 ml.) and 3 : 4-cdimethoxyphenol (2-3 g.) in ether (100 ml.), saturated with hydrogen chiorde, during 
24 hours, followed by evaporation of the reaction mixture in a vacuum, the product was a reddish oil 
containing yellow crystals, which was heated under reflux with 10%, aqueous potassium hydroxide 
(100 mi.) for § hour. The cooled mixture was acidified and the resulting 2-hydroxy-4 : 5-dimethoxy 
phenylglyoxylic acid isolated with ether, and purified with the aid of aqueous sodium hydrogen carbonate 
and then by crystallisation from benzene—ligroin, forming orange prisms (1-6 g.), m. p. 142-144", which 
had a transient green ferric reaction in alcohol or water. Methylation of this acid by the methyl 
sulphate-potassium carbonate method gave rise to methyl 2: 4: 5-trimethoxyphenylglyoxylate, m. p 
135-—135-5", identical with a specimen obtained by method (a) (Found: C, 56-6; H, 5-5; OMe, 50-0%) 

2:4:5:2': 4 : W-Hexamethoxydiphenyi 2 5-Tribydroxyphenyighyoxylic acid (1 g was 
boiled with 20°, aqueous sodium hydroxide (25 ml.) for 4 hour and the cooled mixture acidified with 
Sn-sulphuric acid and extracted with ether Obtained by evaporation of the dried extracts, the dark 
green product was methylated in boiling acetone (40 ml.) with methyl sulphate (5 ml.) and potassium 
carbonate for 4 hours, and the dark crystalline mixture washed with a little alcohol and then extracted 
with boiling water. Crystallisation of the light brown residue from 50% alcohol and then from light 

b. p. 60--80")-benzene gave a compound in colourless needles, m. p. 178°, the properties 
were identical with those of 2: 4:5: 2’: 4°: S’-hexamethoxydiphenyl (Schiller, Arch. Pharm 
245, 263) ‘Found: C, 64-7; H, 6-5; OMe, 49-0; M (Rast), 358. Calc. for yell (OMe), : C, 64-7; 
H, 66: (oMe &-7%; M, 334° (Schil oc. cit., and Fabini and Szeki, Ber., 1910, 43, 2682 respectively 
give m. p. 177° and m. p. 180 


2 i 
of hydroxy nol (Healy and Robinson, J., 1934, 16 ethyl! cyanoformate (Joc. cit.) (4 mi.), and ether 
(100 ml.) was saturated at 0° with dry hydrogen chloride during 2) hours Next day more ether was 
added to the reaction mixture, the solvent was decanted, and a solution of the viscous red prodact in 
water (30 mi.) was heated on the steam-bath for 20 minutes, cooled, and extracted with ether (20 mi, « 3) 
The combuned etherea! solutions were extracted with aqueous sodium hydrogen carbonate (20 ml. x 4 

and the extracts acidified with hydrochloric acid, giving a yellow precipitate of 2: 4: 5-tribydroxy 

phenylighyoxylic acid (1-2 ¢ more ackl (2-0 g was isolated from the acidic filtrate with ether 
Crystallised from acetone-benzene, the anhydrous compound formed bright red prisms, m. p. 193 
(decomp.), identical with the natural product (Found: C, 482; H, 31% Methylation of this acid 
by the methy! sulphate—potassium carbonate method gave methy! 2° 4: 5-trimethoxyphenyiglyoxylate 


m. p. 135°, undepressed on admixture with a specimen obtained from the natural acid 


(With K. R. HarGoreaves) Synthesis of 2: 4: 5-Trihydroxyphenylglyosxylic Aci A stirred mixture 
-: 
5 


University or Liverroot Received, July 31st, 1950 











Mann and Read: The Optical Properties of 


The Optical Properties of 2-Amino-n-octane, 2-Dimethylamino- 
n-octane, and Trimethyl-2-n-octylammonium Iodide. 


By Frepericx G. Manw and (Mas) J. Keio 


The optical properties of levo-2-amino- and lavo-2-dimethylamino-m-octane are compared 
Diasolstion in ethanol of the primary amune reduces the activity almost to zero, whereas that of 
the tertiary amine is converted into a strong dextrorotation The hydrochiorde of the tertiary 
amine resembies that of the promary amine in that tt is associated in several solvents, but unlike 
the primary amine bydrochioride its rotation m these solvents is not markedly affected by 
the concentration The o al properties of the less stable quaternary trimethyl iodide 
have also been investigate 


Ine physical properties of 2-amino-n-octane and tts hydrochlonde have been investigated by 
Mann and Porter (/., 1944, 456) who showed that (4) the optical rotation of the free base is 
markedly affected by certain solvents, ¢¢ the derxtro-base in the pure liq id state has {MM > 


8°62", 595%, benzene solution it has (M D 8°56", but in 806%, ethanolic solution it 


has (M), + 08S", the last value being only shghtly affected by concentration b} the hydro- 


chioride of the amine is soluble in a wide variety of polar and non-polar solvents, 
which it is markedly associated the hydrochloride shows the “ acid-effect { many 
lly active amines, «¢., the hydrochloride of the ieve-amine is dextrorotator most 
In certain associating solvents, however, the sign of rotation is dependent on the 
concentration . dilution of a solution initially dertro causes the rotation to fall steadily to zero 
and then to become Jaw: 

These properties indicate strongly that in certain solvents association « ve base w its 
bydrochiorde), with or without the solvent, must almost certainly occur, although the nature 
of this association in unknown It was clearly desirable, however, to ascertain whether these 

yperties were determined by the primary amine group as such, and whether they would persist 

© nitrogen atom were more effectively shielded from the effect of the solvent conversion 
f the primary amine group first into a tertiary amine group and then into a quaternary 
dimethylamino- n-octan CH, ~CH(NMe,)-CH,, and its hydrochloride, and into the 
rest methyl2 ylammonium sodide 


ammonium radical For this purpose l/avo-2-amino-n-octane has been converted into 2 


ane was obtained as a colourless liquid, [M', 160°, which in 
509), but in absolute ethanolic solution had | M), 260 
tion being virtually unafiected by concentration This marked change 
value of the rotation indicates strongly that in ethanolic « 1 the 
some ‘raction with the solvent comparable to that wh causes the 
tralisation by acids This effect in ethanol is clearly not limited to the 
n the primary amune ts sufficiently strong to render the Levo-amine 
the tertiary amin v¢ much stronger effect causes a marked dextro 
both the primary and the tertiary amine are almost 
to either base causes a perceptible decrease 
ental cause is the same for both these hydroxylic 
t by the water 
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diethy! carbonate, or glycol monomethyl ether acetate. It also showed the “ acid-effect, 
since its solutions in water and dimethyiformamide were dextrorotatory ; the rotation, how 
ever, was not significantly changed on dilution, and in view of this fact and the comparative 
instability of the iodide, molecular-weight determinations were not made 

These results show, however, that the very marked effect of concentration on the rotator 
power of certain solutions of the hydrochloride of the primary amine is not shown by the 
hydrochloride of the tertiary amine or by the quaternary iodide, although both these hydro 
chlorides are notably associated in certain solvents. It is clear that considerably more inform 
ation is required before an attempt can be made to interpret the type of association which 
these hydrochlorides undergo, and the extent to which the associated micelles are affected or 
shared by the solvent 


EXPEKIMENTAI! 
The source of light for all rotation measurements was the sodium p line, A 5893 


levo-2-Amino-n-octane, prepared and resolved as Mann and Porter (Joc. oii.) describe, had b. p 
65-5°/21 mm., and when dried over sodium had [M)"” —8-03° (, 0-5 dm.), d” 0-769, 0" 11-4232. It was 
converted into the hydrochloride, which had [M)™* +6-75° in aqueous 7-77%, solution: the free 
amine, regenerated from this salt, had b. p. 58°/16 mm., [M7)"” —8-89°, d” 0-771 The addition of 
traces of water to a sample of the base having a” —2-66" (/, 0-5 dm.) reduced the rotation to —2-55", 
and that of another to «” —2-65° to —2-52 the molecular rotation of these samples was not calculated, 
as the density was not accurately known. Mann and Porter (Joc. cit.) record (M 8-53" U, 0-4 dm.) 
for the base, and _M 6-61° for the hydrochloride in 7-77%, aqueous solution 


lavo-2-Dimethylamino-n-cctane,—-Formic acid (90 c.c.) was slowly added to a cooled solution of 
the above amine (14 g.) in 40% formalin (54 c. which was then boiled under reflux for 1-5 hours, con- 
centrated under reduced pressure, cooled, basifed, and extracted with ether The ethereal extract 
was dried (NaOH) and then distilled in a nitrogen atmosphere, the dimethylamino-base being obtained 
as a colourless liquid (11 g., 63%) having b. p. 78°/18 mm mM) 160° (/, 05 dm.), d” 0-778, 
a® 1-4271 (Found: N, 8%. ¢ lla’ requires N, 80%). A sample of the amine, having «” —3-82° 
(i, 0-5 dm.), after being moistened with a trace of water, had a” —3-73 A solution of the amine in 
benzene (c, 0-509) had (M 12° and in absolute ethanol had the rotations: ¢, 0472, (Mf) +266"; ¢, 
1-416, [M) +25-8°; ¢, 2-123, [M) +26-0°. 


The Aydrochloride was prepared by neutralising the amine with hydrochloric acid, and evaporation 
to dryness in a vacuum at room temperature: the residual solid when recrystallised from carefully 
dried light petroleum (b. p. 60-80") formed colourless plates, m. p. 144-—146° (inserted in bath at 140°) 

\ M 


(Found N, 7-2% et ioscopically in 0-99°, methylene dichloride solution, 202; in 1-54%, 197; 
in 2-08%, 194; ebullioscopically in 0-90% benzene solution, 205; in 1-66%, 337; in 2-50%, 383; 
cryoscopically in 0-358% ethylene dibromide solution, 508; in 0-510%, 601; in 0-605%,, 633. C,,H,,N¢ 
ires N, 7-2° M, 193-5 
s? 4 mi» 


is hydrochloride in solution showed the following rotations, a!! dextrorotatory All rotations 
determined at 21° +.1° except those in dimethylformamide, which were at 12 


W ater 
0-269 O- 305 0-404 0-605 OT” 1-185 1778 2-065 3.908 
O17 O19 0-21 0-36 0-45 0-75 1-i4 1-68 2-57" 


23:3 2! 20-1 20-4 30-7 310 30-6 31-1 


Methylene dichlonde 
0-870 2 7 2-645 
2-61 
48:5 47-48 


Ethylene dibromide Dimethylformamide Benzen 

‘ 0-663 0-904 0-891 1-337 : 0-31 0-47 
a, obs 0-55 O85 Os 1-26 O21 0” 
{Ad} : 41-5 45.5 45.5 33:3 30-6 

lavo-Trimethyl-2-n-octylammomium Iodide.—.Methy] iodide (16 c.c.) was slowly added to an agitated 
solution of the above lepo-tertiary amine (7-2 g.) in ether (100 c« After 5 hours at room temperature 
the precipitated white todide was collected (13-55 g., 90%) and after recrystallisation from acetone 
benzene obtained as colourless plates, m. p. 223-223-5° (decomp.) (Found: C, 442; H, #8; N, 46 


C,,H,,NI requires C, 44:1; H, 88; N, 47%). This iodide in solution showed the following dextro 
rotations 


Water (16 Dimethylformamide (17°) 


1-113 3-339 0-456 0-684 1027 1-540 2-310 2-772 3-326 
104° 3.08 “42° 0-00" 0-87" 1-29 1-0 2-28 269 
TOO in 68-9 65-5 63-2 62.5 61-8 616 m5 
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662. Methods of Resolution. Part 11.* N-(—)-Menthyl-p- 
sulphamylbenzoic Acid, 


By (Miss) B. A. Evexarp and jouw A. Miis 


As « representative of a new class of optically active acids, N menthyl-p-sulphamyl- 
benzo aced has been prepared by an casy synthesis With its aid, a complete resolution of 
(+)-menthol has been effected, but an attempt to resolve (+ )-érans-2-methylcycohexanol 
tailed 


In a programme designed to find new or improved methods of optical resolution, the resolution 
ol alcohols has been chosen for imvestigation This field has recently been surveyed by 
lagersoll Organic Reactions,’ Vol. LI, Chap. 9, Wiley, New York, 1944), and his review show 
that very few new procedures have been introduced since 1939 

The most common procedure, separation of the diastereoisomeric salts formed from an 


active base and an acid ester of the racemic alcohol, has several inherent defects The salts 





ften tend to dissociate during recrystallisation, and it may be difficult to follow the progress of 
s resolution, because the salts have indefinite melting points and may also be of variable 
composition, so that decomposition of a fraction to liberate the acid ester may be necessary in 
asesaing its optical purits Neutra! esters formed from an active acid and the racemic alcohol 
are more attractive from the point of view of manipulation, because they have fixed compositions 


and usually sharp melting points when optical purity is attained. The introduction of menthoxy- 








? 
acetic acid (J. S Chem. Ind., 1932, 51, 3297) and menthylglycine (/., 1934, 1775) by Read and 
his a <iates, and of tartranilic acid by Barrow and Atkinson (/., 1939, 638), represented 
important advances in this respect, and our object has been to carry out exploratory work on 
further tyy- 4 active acids 
The ackls mentioned above have a feature in common, in being built up from a unit carrying 
the carboxy! f t 1; : hol or amine, which may be varied 
to provide a serk { reage of flexibility is a very desirable 
feature AY ert active acid of the type sought are 
that it ald (a) be « t le in both active forms to facilitate 
mplet t to esters in good l through the 
scrd chi t re vered for use again after hydrolysis of the esters, and (d) vet be 
pacept t t to re ver the active component used im its rot he t this 
valu ‘ juired r other rpose Menthoxvacetic acid and menthyig ne do not 
moet « litson as thol or ment! umune cannot be recovered from them, and tartranilic 
acid cow tr ; except (a The quiren t in general will onl © met if the active 
i. . ‘ Avaliable in ca f t most 
atural prod i ts 
\ ‘ are t e fulfilled in amid : | nh ma tee 
built up from ana t licarboxylic acid 1 N-menthylphthalamic acid 
} 1940 77 . 1 ceessful resolut hid Macbeth. M 4 and 
min J, 1949, 1011 |. H. Darling, unpubl 1 work), although the separation of the 
astere mix : it © ted Menthvylamine is not an ideal choice for 
the active : t, a t t read ailal n ti form, but it has been adopted 
a ¢t nvr t t rf ™m < t l tT he | ‘ ng agents ind 18 ™~> ised m the 
resent researc! Most r ents ! from menthylamine will not meet requirement (d 
ulthough N-ment! thalamic acid wcause it is usually very diffict to lhberate 
menthviamine from its a derivative 2-1 viethviamime and 2-p-tolylethylamine are 
irvailable in both active form Ing 1 Bur |. Amer. Chem. So 1932, 54, 4712 
Ingersoll, Org. Synth, ( \ Il, 1043, Soe | their use may lead more readily to reagents 
meetin this req rement 
Attention has now been turned to the | ty of Using a sulphamyl-acid for optical 


* “ Esters of N-Sabstituted Phthalamic Acids by Homan and Mills (/., 1949, S77) is regarded as 
Part I 
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resolution of alcohols, and it has been found that N-(—)-menthyl-p-sulphamylbenzoic acid 
(III) is a suitable type of reagent, and is easily prepared and esterified as follows : 


CH, CO CO,H 
1) ak. KMa®, (}) GSO,H 
—- > _— > 
7 4a) (3) we 


/* 

ae 

‘ . 

SOyNH-C,,H,, SOy-NHC,H,, SOy NHC Hy, 
(111.) (Iv (Vv 


Good overall yields may be realised, and the several esters (V) prepared were solids with desirable 
physical properties 

An attempt was made to prepare the acid chloride (I1) by direct oxidation of toluene-p- 
sulphony! chloride by the method of de Jong (Verslag Ahad. Wetensch. Amsterdam, 1923, 32, 14), 
but only poor yields were obtained of a product difficult to handle. The oxidation of N-(—)- 
menthyltoluene-p-sulphonamide (V1; R <= C,.H,,) was also tried as a route to (III), but 
oxidation with potassium permanganate caused simultaneous destruction of the menthy! 
radical, and the only identifiable product was p-sulphamylbenzoic acid (VII). The same 


(p)-R-NH-‘SO,C,HyCH, — > (f)-NH,SO,C,H,CO,H 
(VL) (VIL) 
product (VII) was obtained by the oxidation of N-cyclohexyltoluene-p-sulphonamide (V1; 
R = C,H,,) with chromic acid. 

The experiments had to be terminated after two resolutions had been tried. One was very 
successful, in that the diastereo-mixture obtained by esterifying (111) with (+ )-menthol could 
easily be separated to give two optically pure esters, from which (+ )- and (—)-menthol could 
be obtained. An attempt to resolve (+-)-trans-2-methyleyclohexanol failed because of the very 
slow separation of the diastereo-mixture 


EXPERIMENTAL, 


(All rotations were observed with 2% solutions in B.P. chloroform.) 


p-Carboxybenzenesulphomyl Chloride (11).—p-Carboxybenzenesulphonic acid, oe by oxidation 


of toluene-p-sulphonic acid with alkaline permanganate, was conveniently isolated as its rather sparingly 
soluble acid potassium salt (1) (cf. Maarse, Rec. Trav. chim., 1914, 83, 207, who used the barium salt) 
Anhydrous toluene-p-sulphonic acid (34-5 g.) and potassium hydroxide (13-5 g.) were dissolved in water 
(300 ml.), and the solution was heated to 80°, stirred mechanically, and treated gradually during 1:5 hours 
with a slight excess of potassium permanganate (63 g.) dissolved in hot water (250 ml.). Excess of 
permanganate was destroyed with alcohol, manganese dioxide was filtered off, and the solution was 
acidified to Congo-red with hydrochloric acid, and evaporated to dryness The residue was recrystallised 
from a minimum of water (150 ml.), and the crystalline product dred at 140 The average yield of the 
anhydrous salt (1) was 92% (44 ¢ 


For conversion of the salt (I) into the acid chloride (II), the use of carefully distilled chlorosulphonic 
acid was necessary to get good yields. The finely powdered salt (24 g.) was stirred slowly into chloro- 
sulphonic acid (80 mi., five-fold excess), the temperature being kept below 30°, and the mixture was left 
overnight. The clear solution was stirred into chipped ice, and the granular precipitate was collected, 
washed wel! with cold water, and dried in vacwo over sulphuric acid. The product (21 g., 05% yield) 
had m. p. 230-—-235°; for the acid chioride (11), de Jong (loc. cst.) reported m. p. 236-—236° (decomp.). 
Recrystallisations from ether or o-dichlorobenzene did not effect an improvement in m. p 


Attempts were made to oxidise toluene-p-sulphony! chloride, dissclved in a mixture of glacial acetic 
acid and acetic anhydride, with chromium trioxide following de Jong (Joc. cst.) but from the original 
method and several modifications only poor results were obtained, and the product was invariably 
greenish, and very difficult to filter and wash. 


N-( Mp sulphamylbenzoic Acid (I11T).—Preliminary experiments showed that reaction of 
the acid chioride (11) with (—)-menthylamine in anhydrous pyridine gave only poor yields (<° 30%) of 
(111). Reaction under Schotten-Baumann conditions, the acid chloride being added to menthylamine 
in chloroform solution, shaken with aqueous alkali, also gave indifferent yields (50%), possibly because 
the acid chloride is readily soluble in aqueous alkali and quickly hydrolysed in it 

Better results followed the use of an excess of menthylamine (3 mols.) as condensing agent. The acid 
chloride (22 g.) was added with thorough shaking to a solution of (—)-menthylamine (46-5 g.) which had 
been purified through its formy! derivative (Human and Mills, /., 1948, 1457), in dry ether (500 ml.), and 
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the mixture was left overnight 
eatium hydroxic, and the 
gradually acidified with hydrochloric acid The precig 
practically pure N menthy!-p>- sulphamylbemsror 
raised the m. p. to 201 202 


am the ethereai 


The etherea! solution was shaken with two portions of dilute aqueous 
combined aqueous solution was warmed above @*, stirred vig 
ated fine needles, m. p. 108° (23 ¢ 
acid, and 
Found (. &3 H, 7-2 ‘ 
menthylamine (31 ¢ 


uly, and 
70%), were 
recrystallisation from dilute obol 


ypHyyO,NS requires C, 602, H 
was recovered 


solution 


Menth) loluene-p sulphonamide allowing toluene-p-sulphony 
menthylamine in solution in anhydrous pyridine 
1%)..161° (Found: C, 657, HM, #6; N, 45 
lised with a slight 
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+8 InAs p. loo 110 e< was very susceptible to hydr 
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»— 114", st 


steam 
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- ts 
oly sis 

mlytica are sample 
best sampies eed ie 


ontained traces of 
was suitable 


on, and by dissolving smal! quantities of i 
eRcCese « iy met ‘ | > 


t nenth then excess of dry | € 
tand tor of hour r ’ 


were obtaime 
arated fr 
ou 
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wh 
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3m 

arse granules 
1% 

separated ys 
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' r recrysta 
CypHygOQA NS re 
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much bumper 


juire 
ugh a 30-cm 
it was ee 
had m. p. 42-44 
} irthied by recrystall 
( menthy! ester 
ates, m. p. 1560-151 
sis by the metho 
isa it. values 


sation 


lyses I nearly to boiling and acidified with 

menthy! amyibenzoic acid (acidification in the 

erated when the acud was boiled with 

ntrs : 1s sxdium hydroxide 

Atiempted Resolution trans oheran } alcohol (Jackman, Macbeth 

717) (15 @.) was esterified with the acid lor from N 
and the crude no 


mixture { esters 
40° approx Two recrystallisations from methanol (200 ml.) gave large needles, 
42.0", bat the rotation only changed slowly during four more recrystallisations 


a)? —43-5"), and a further four from light petroleum (b. p. 90 
i! ~— 46"), and the m. p. remained at 130-—141° (Found: N, 3-2 


and 
menthy!l-p-sulphamy! 
obtained as a brown solid (61 ¢.), 
methanol 


110°) (then 
Cygl,,O,NS requires N, 3.2%) 
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Hydrolysis of this ester yielded a sampie of ( — )-trans-2-methy! cyclohexanol with al? —2-5° (homogeneous) 
instead of af* —35-6° (Gough, Hunter, and Kenyon, /., 1926, 2052). 


We express our thanks for financial assistance from the Commonwealth Research Fund, and to 
Messrs. Howards Ltd. for providing (+)-menthol 


Jounson Cuemicat Laporatorias, Untversiry oF ADELAIDE Received, August 2604, 19050 


663. 1: 4-Diaryl-1 : 4-dihydro-| ; 2: 4: 5-tetrazines and Derived 
Substances. 
By Wirson Baxer, W. D. Orus, and V. D. Poorr 


N-Phenvylsydnone (I) reacts with phosphorus pentasulphide to give 1 : 4-dihydro-] : 4- 
diphenyl-1 : 2: 4: 5-tetrazine (11), but compounds of this type are best prepared from N-ary! 
N’-thioformylhydrazines (III) by treatment with cold sodium methoxide. Reaction of diaryl- 
dihydrotetrazines (II) with hot sodium ethoxide yields basic isomerides which are regarded as 
1: 2: 4-triazole derivatives (V), the rational synthesis of which has been attempted xamples 
in the literature of alleged | : 4-diaryl-1 : 4-dihydro-l : 2; 4: 5-tetrazines are discussed 


In continuation of our studies on the sydnones (/., 1949, 307; 10950, 1542), which belong to 
the class of cyclic meso-ionic compounds, an attempt was made to prepare mono- or di-thio- 
analogues by heating N-phenylsydnone (I) with phosphorus pentasulphide in toluene. The 
reaction resulted, however, in the production in 27% yield of a bright yellow compound, 
C,,H,,N, m. p. 189°, which may formally be derived from two molecules of N-phenylsydnone 
I) by loss of two molecules of carbon dioxide, The properties of this substance show that it is 
1 : 4-dihydro-1 ; 4-diphenyl-1 ; 2: 4: 5-tetrazine (II), a conclusion which is supported by 
alternative syntheses. 


2NHPwNH,HCL + 2H-CO WM 


2NHPhNH-CHS 2NHPhNHCHO 
(il av.) 


Ruhemann's compound, C,,H,.N, 


The reasons for assigning the tetrazine structure (I1) to the yellow compound, C,,H,,N,, are 
the following. (a) Hydrolysis with aqueous alcgholic hydrochloric acid gives two molecules 
each of phenylhydrazine and formic acid. (b) It shows no basic properties and is unaltered by 
being boiled with acetic anhydride, and hence it is unlikely to contain an NH group or groups 
(c) Its very low dipole moment, as weil as those of the corresponding 1 : 4-dihydro-1 : 4- 
di-p-tolyl- and 1 : 4-di-p-chlorophenyl-1 : 4-dihydro-1 ; 2: 4: 5-tetrazine, is in agreement with 
structure (II). (d) The substance is very similar to the | : 4-dihydro-1 : 3: 4: 6-tetrapheny! 
1:2: 4: 5-tetrazine prepared by Bamberger and Grob (Ber., 1901, 34, 523), and to the 1 : 4-di 
p-bromophenyl-1 : 4-dihydro-3 : 6-diphenyl-1 : 2: 4: 5-tetrazine prepared by Chattaway and 
Walker (J., 1925, 127, 975) which are both yellow ; all three compounds give a blue colour when 
treated with an oxidising agent in concentrated sulphuric acid 

A more rational] synthesis of (II) has been found in the reaction of equimolecular quantities 
of N-phenyl-N’-thioformylhydrazine (III) (prepared from phenylhydrazine and sodium 
dithioformate) and sodium methoxide in methanol at room temperature, which gives the same 
tetrazine in 43% yield [cf. the cyclisation of thiofor idopyrimid (Kenner and Todd, 
]., 1946, 852 and later papers)). The dehydration of N’-formyl-N-phenylhydrazine with 
phosphoric anhydride in quinoline also gives the tetrazine (11), but in only 5% yield. The inter 
action of sodium metboxide with N-aryl-N’-thioformylhydrazines, prepared from arylhydrazines 
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and sodium dithioformate, is a general method for the production of | : 4-diaryl-1 : 4-dihydro- 
1: 2:4: 5-tetrazines. Thus N’-thioformyl-N-p-tolylhydrazine gives 1 : 4-dihydro-1 : 4-di-p- 
tolyl-1 : 2; 4: 5-tetrazine, and N-p-chiorophenyl-N -thioformylhydrazine gives | : 4-di-p-chloro- 
phenyl-1 : 4-dibydro-1 : 2:4: 5-tetrazine. The method, however, does not succeed with 
N-benzy!.N"-thioformylthydrazine, CH,Ph*NH*NH-CHS, nor does this compound yield a 
tetrazine on being heated in quinoline (cf. Baddiley, Lythgoe, McNeil, and Todd, J., 1943, 
383), or on being heuted with potassium acetate in methy! cyanide (cf. Kenner, Rodda, and 
Todd, J., 1948, 1613 

Uitra-violet absorption measurements show that the | : 4-diaryl-1 : 4-dihydro-1 : 2:4: 5- 
tetrazines are characterised by an absorption band at 200—.300 mu. (see Fig. 1, curves | and 2), 
and this suggests considerable interaction between the pheny! groups and the heterocyclic ring 
In addition, all the 1: 4-cliaryl-1 : 4-dihydro-l : 2:4: 5-tetrazines are bright vellow, and 
these facts suggest that forms such as that shown inset make 
important contributions to their hybrid structure. It follows 
that 1: 4-diaryl-1 : 4-dihydro-l : 2:4: 5-tetrazines prob 
ably podsess an almost planar structure, and the remote 
is and trans forms might exist is thereby excluded 


ym yvmbilty that 




















4000 
AA. 


4 Sb -tetvasine 1. Ruhemann 
d-1: 2:4: S-tetrazine Cypha, 
wack and Lapworth 2. Derwat 


f wn 


4-Tiaryi-1 : 4-dthyd 4: b-tetrarcines in 


smino-l: 2° 4-treazod 


; Sodium 
he yellow 1: 4<hhydro-1 : 4-cdipheny! 


“ heated in alcoholic solution with a 


trace of sodium ethoxide, is 
colourless isomeride which is basic, yields a monoacety! derivative, and 
rated hyvedrochioce acid at 150 


These facts and consideration of the 
most probal urese of the 


isomerisation lead to the conclusion that this base is 3-anilino-! 
phenyl-1 riazole (V; R Ph rhe structure (V) is preferred to the tautomeride with 
the NH -gr . because it is more fully aromatic, and if the NH-group were in 
Id of necessity be meso-ionic and closely allied to “ nitron ” (see 
s such it would be expected to have a large dipole moment 
ily ca. 35p. Exactly similar isomerisations are 
undergone by d lr ‘ » yitetrazine and 1 : 4-di-p-chlorophenyl-1 : 4-dihydro 
+ 1-p-tolvl-1 : 2: 4-triazole (V RK = p-4 oli Me 
hloroanilino- 1--chlorophen 2: 4-triazole (V; R p-C,H,Cl) respectively The 
role was also obtained a by-prod in the preparation of 1 : 4-di-p-chloropheny! 
4: S-tetrazine by the action of sodium methoxide upon N-p-chloropheny! 
€ basic and gave mono-acety! derivatives 

Attempts have been made to eynt! 1-3 


nt hesise 


(nitron, 7 


2:4: &-tetrazgine which 
, 


4-dihvero-. | 


o 
thioformylhvdrazine These triaze 


arylamino-1 : 2 : 4-triazoles by unambiguous 
methods i) 3-Chiero-l-pheny!-1 ; 2: 4-triazole (VI) did not react with aniline, a fact which 


isomeric 5-chloro-l-phenyl-1 : 2: 3-triazole (VII) 
into the related anmiline-triazole (Dimroth, Annalen, 1009, 364, 225 (ii) 3-Methylthio-1-phenyl- 


contrasts with the ready conversion of the 
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1: 2: 4-triazole (VIII) failed to react with aniline (see Johnson and Hahn, Chem. Reviews, 1933, 
13, 225—227). (iii) The guanidine (IX), which might be converted into i) by reaction with 
formic acid [cf the similar conversion of N”’-amino-N N’-diphenylg into 3-anilino-4- 





_/CHEN cO=CH 
Ph: N~ Pb-N 
N=ca N== 
(V1) (Vil) 


(t™ ) Ph NH, 4 
\NH —N ,HPh 


phenyl-1 : 2: 4-triazole (Busch and Bauer, Ber., 1900, 33, 1067)}, could not be prepared from 
either (4) phenylhydrazine hydrochloride and phenyleyanamide (cf. Ainley, Curd, and Rose, 
J., 1949, 101; Pellizzari ef al., Gazzetia, 1891, 21 (i), 333; 1894, 24 (i), 455), or (6) phenyl- 
hydrazine and N-phenylthiourea (cf. Busch and Bauer, Joc. cif.); the latter reaction resulted in 
loss of ammonia to give | : 4-diphenylthiosemicarbazide, NH Ph-CS‘-NH-NHPh 

Examples of Alleged 1 : 4-Diaryl-\ : 4-dikydro-1 : 2: 4: 5-tetrasines.—(1) Compounds claimed 
to be 1 : 4-diaryl-1 : 4-dihydro-1 : 2: 4: 5-tetrazines, ¢.g. (II), were prepared in 2—5% yield by 
Ruhemann (Ruhemann and Elliott, /., 1888, 58, 850; Ruhemann, /., 1889, 55, 242; 1890, 57, 
50) by heating arylhydrazines, chloroform, and alcoholic potassium hydroxide. The reactions 
were supposed to proceed via the intermediate isocyanamides, NHArNC. Phenylhydrazine 
gave a colourless product, C,,H,,N,, m. p. 180°, for which the structure (11) was suggested, and 
the same compound was obtained by Bamberger (Ber., 1897, 30, 1263) by strongly heating 
N’-formyl-N-phenythydrazine. The difficulty of preparing Ruhemann'’s compounds has 
prevented their close examination, but in the case of the phenylhydrazine derivative the 
molecular formula, C,,H,,N,, has been confirmed. It gives an unstable hydrochloride, does 
not acetylate, and is unaltered by prolonged heating with either acids or alkalis, and its dipole 
moment of 2:1 bp. almost certainly excludes a symmetrical structure. The pale yellow 
compound prepared by Ruhemann's method from -tolylhydrazine has m. p. 185—186°, and 
differs markedly from the true, bright yellow 1 : 4-dihydro-1 : 4-di-p-tolyl-1 : 2: 4: 5-tetrazine, 
m. p. 182—183° 

Hewitt (/., 1891, 59, 213) was unable to prepare the corresponding p-chloropheny! compound 
from chloroform, p-chlorophenylhydrazine, and alcoholic potassium hydroxide; the product, 
m. p. 152°, was described as N-p-chlorophenyl-N’-formylhydrazine, but the calculated analytical 
figure is incorrect. We find that this reaction does, in fact, give a very smal! amount of the 
p-chloropheny! analogue of Ruhemann's compound (022% yield), and the similarity of 
structure is shown by comparison of the ultra-violet light extinction curves (Fig. 2). The 
phenyl compound shows absorption bands with maxima at 253 and 206 my. ; the p-chloropheny! 
compound shows maxima at 257 and 299 mu., the slight shifts being due to the bathochromic 
effect of the chlorine atoms. From the reaction described above, the true N-p-chlorophenyl- 
N’-formythydrazine, m. p. 186-—-187°, was also isolated; it was identical with the material 
prepared by formylation of p-chlorophenylhydrazine with formamide. All the compounds of 
the type described by Ruhemann show a strong white fluorescence in ultra-violet light 

(2) Ethyl “ phenylhydrizinobromomethylenecarboxylate "' («-bromo-a-phenylhydrazono- 
acetate), NHPh-N°CBr-CO,Et, was prepared by Bowack and Lapworth from benzenediazonium 
sulphate and ethyl 2-bromoacetoacetate, and this a reacted with aqueous alcoholic 
sodium carbonate in the cold to give a compound, C,,H,,O,N,, forming deep-red crystals with a 
blue metallic lustre, regarded as 3: 6-dicarbethoxy-1 “q-dihydro-I : 4-diphenyl-1 : 2:4: 5- 
tetrazine (X) (J., 1905, 87, 1867). The preparation of this intensely coloured compound has 
been repeated, but in view of the fact that (X) is simply the dicarbethoxy-derivative of the 
genuine, yellow 1 : 4-dihydro-1 : 4-diphenyl-1 : 2: 4: 5-tetrazine (Il), it is clear that Bowack 
and Lapworth’s compound must possess a very different structure. This is supported by 
comparing the ultra-violet light extinction curve of this compound (Fig. 1, curve 3) with the 
curves (1 and 2) of the true tetrazines. These authors also made the related p-tolyl compound, 
which likewise differs greatly from our 1 : 4-dihydro-1 : 4-di-p-tolyl-1 : 2 : 4 : 5-tetrazine. 

We are indebted to Dr. L. E. Sutton and Mr. P. G. Edgerley for the determination of the 
dipole moments, which are discussed in the following communication. 
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EXPERIMENTAL. 


Preparation of 1 4-Dibydro-1  4-diphenyl-1 2:4: S-tetrasine (I1).—-(a) Reaction of phosphorus 
pentasulphsde uith N -phenyloydnome yisydnone (2 g.) in dry toluene (20 c.c.) was heated with 
phosphorus pentasulphide (0-6 ¢.) in a sealed tube at 120° for six hours. The toluene solution was 
decanted and the residue repeatedly extracted with hot benzene. The combined solutions were 
evaporated ami the yellow residue crystallised, first from ethanol and then from chioroform—light 
petroleum (b. p. @—80"), 1: 4-Dihydro-l  4-diphenyl-1 2 4: S-tetrazime (11) (0-4 g.; 27%) separated 
as small, yellow plates, melting sharply at 180-1895" (Found: C, 707; H, 52, N, 236. C,,H,N, 
requires C, 71-2; H,&1; N, 23-7%) 

(b) Dehydration of N -formyl-N-phewylhydrarine N’-FPormy!-N-phenylbydrazine (5 g.. see below) 
was mixed with quinoline (30 ¢.c.) and phosphoric anhydride (ca. 5 g.) and kept at 200° for one hour. 
The mixture was then cautiously diluted with water and neutralised with sodium carbonate. The 
quinoline was removed by steam-distillation, and the residual solid collected, washed witb a little ethano! 
and then crystallised from ethanol, giving 1 4-dihydro-1 : 4-diphenyl-1: 2. 4: S-tetrazine (II) 
(5% yield) as tiny, yellow plates. m. p. and mixed m. p. 190° (Found, C, 70-7; H, 5-1; N, 23-7%). 


(c) From N-phenyl.N’-thioformylhydrasme —Dry, powdered sodium methoxide (4 g.) was slowly 
added to crude N-phenyl\\'." hioformylhbydrazine (11 g.; see below) dissolved in dry methanol (40 c.c.). 
The solution became warm, developed a red colour, and slowly deposited a yellow-green solid which, 
after | hour, was collected, washed with methanol and ether, and then crystallised from chioroform-light 
petroleum (b. p. 6.80"), 1. 4-Dihydro-l gy rg 1:2 4: 5-tetrazine (3-3 g.) separated as yellow 
plates. m. p 194~-1965° (Found: C, 709, H, 5-6; N, 23-59%; M, ebullioscopic in benzene, 247, 245, 
242. Cale. for C\,HyN, M, 236). The higher melting point of this material is due to the fact that 
this method of preparation yields a more easly purified product 


N’. Formyl.N-phenylhydranne (cf. Hirst and Cohen, J., 1895, 67, 829)..Phenylhydrazine (0 g 
freshly distilled. b. p. 128°'15 mm.) was slowly added to acetic acid (140 g.) with shaking and cooling 
and formamide (21 g.) was then added After three hours the mixture was diluted with water (150 c.c.} 
and the solid collected, washed with wery dilute acetic acid and then with water, dried, and crystallised 
from ethanol, giving V -formy!-N-phenylhydrazine (44 g ; 70%) as colourless plates, m p. 143—144 
(it. m. p. 140 


N.Phenyl-N thsoformylhydrasne (11 Phenylhydrazine (10 g.; freshly distilled) was dissolved in 
warm water (50 «.c.) and a solution of sodium dithiofermate (20 g.) in water (30 c.c.) added. After 
three hours the mixture had deposited a dark o1] which was extracted into ether. The dried extract was 
evaporated, leaving the crude N-phemyl-N’-thtoformylhydrasme (11 g.) as a dark oil, A small portion 
separated from light petroleum (b. p. 60-80") as colourless crystals, m. p. 30-41" (Found: C, 55-6 
H. 50; N, 184, S, 20-8. CHAN S requires C, 55:3, H, 53; N, 184, S, 211%). It dissolves in 
bydrochionc acid with decomposition, does net give a condensation product with p-nitrobenzaldehyde 
but forms a somewhat unstable picrate, which crystallises from ethanol in bright yellow-green needles, 
m. p. 177-178 (decomp 

fetid Hydrolyns f 1. & Dihydro-l . 4-dephewyl-1 24> S-tetraune (11) 1: 4-Dihvdro-l : 4-di 
phenyll 2 4. b-tetrasine (0-35 g.) was bowed under reflux for two hours with a mixture of concentrated 
hydrochioric acid (6 ¢ c.), water (6 ¢.c.), and ethanol (4 ¢« The clear hquid was cooled and evaporated 
to dryness under dimimished pressure, the distillate gave a positive result for formic acid in the Krauss 
and Tampke test (Chem Zi, 1021, 45, 521). The residue was dried to constant weight under diminished 
pressure (0-42 g . 98°, of that theoretically obtainable, calculated as NHPh-NH, HCi) The pheny!l- 
hydrazine hydrochloride was identified by conversion into the p-nitrobenzylidene derivative (0-58 g., 
81%), m. p. and mixed mp. with an authentic specimen, 159 


For the quantitative estimation of the formic acid, | : 4-<lihydro-1 : 4-diphenyl-1 : 2: 4: 5-tetrazine 
(0-30 ¢.) was boiled under reflux with concentrated sulphuric acid (2 c.« water (5 c.c.), and ethanol 
Scc.}. The mixture was extracted continuously with ether (30 c.c.) for six hours, and the extract diluted 
with water (100 ¢ «.) and ethanol (0 « c.) and titrated with aqueous sodium hydroxide (0-213n.), methyl 
red being used as indicator (Required, 10-7 c.c., 80%, of that calculated for 2 mols. of H-CO,H). 


N‘. Thtoformyl.N-p-tolylhydranne._p-Tolythydrazine (4 g.) was dissolved in ethanol (40 c.c.) and 
«xlium dithioformate (7 ¢) in water (100 ¢ ¢.) added. After two hours, the solid which had separated 
was collected, dried, and recrystallised from aqueous ethanol, giving N’-thioformyl-N-p-tolylhydrazine 
maine 78%) as colourless needies. m. p. 5060" (Found: C, 580; H, 62; N, 170; S, 195 
«gH NS requires C. 578) H. 60: N, 169. S, 193% The material is insoluble in dilute hydro- 
chlor acid and does not react with p-nitrobenzaldeh yde 


N-p-C Alorophenyl N -thioformylhydranne — p-Chlorophenylhydrazine (8-2 g.) was dissolved in warm 
ethanol (3) ¢.c.) and sxliem dithmtormate (12 g.) in water (80 cc.) added. The mixture was warmed to 
™’)” and then left for two hours The solid was collected, dried. and then crystallised from aqueous 
ethanol, giving N-p-cAlorophenyl-N -thtoformylhydrasine (8 g 75%) as colourless needles, m. p 
865° (Found C. 456, H, 38) N. 15-0. C,H NCIS requires C, 45-1, H, 3-8; N, 15-09%) 


1) 4-Dihydro-L 4-de-p-folyl-l 2 4) S-tetranne —N'-Thioformyl-N-p-tolythydrazine (1-2 g.) was 
chasolved in methanol (10 cc) and dry sodium methoxide (0-8 g.) added slowly. The solution became 
red and deposited a yellow solid. After two hours the solid was collected, washed with a little methanol, 
and crystallised from chioroform-light petroleum (b. p. 60-80"), giving 1: 4 0-1: 4-di-p-toly!- 
1 2: 4: Stetrasine (0-6 g.; 63%) as yellow plates, mp. 182-183 (Found: C, 72-7; H, 59; N, 21-3. 
gH, N, requires C, 72-7, H.@1) N, 21.2% 


1: 4-Di-p-cAlorophenyl-1 4-dthydro-1 24 Stetracmne — To \-p-chloropheny!- N’-thioformy!- 
hydrazine (4-5 ¢.) in warm methanol (40 cc.) sodium methoxide (1:3 g.) was slowly added. The mixture 
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recrystallised several times from chloroform—light m (b. p. 1. 4d 
Saeheet 4-dihydro-l - 4 Stetranme (06 g.; 1 as yellow aes = 4 6-186. 
(Found: C, 55-4; H, 3-5; N, 18-3. C.HN sequins Sol: H, 3-3; N, 184%). venation al 
the mother-liquors yielded a solid, m p. lade from aqueous ethanol, which was identical with that 
obtained by the action of sodium ethoxkde on i: 4-di-p-chlorophenyl-1 . 4-dihydro-1 2. 4: 5-tetrazine 
(see below). 


N-Bencyl-N’-thioformythydrazine.—Benzylhydrazine (86 g.) (Wobl and Oecsterlin, Ber., 1900, 33 
2736) was mixed with water (50 c.c.), and sodium dithioformate (15 g.) in water (50 c.c.) added. After 
being warmed to 30° and left for two hours the solid was collected, washed with water, dried, and 
recrystallised from aqueous ethanol, giving N-benryi-N'-thioformylhydrasne (6-6 g ; 56%) as colourless 

lates, m. p. 114—114-5° (Found +? H, 62; N, 169; S, 192. C,H\N,S requires C, 57-8 
1,61; N, 160; S, 193%). It did not react with p-aitrobenzaldeh yde. 


Reaction of Sodium Ethowide with 1 : 4-Dihydro-1 : 4-diphenyl-1 : 2: 4: S-tetrazine (11). 3-Antlino-1- 
phenyl-l 2: 4-triazole (V; R = Ph).—A small piece of sodium was dissolved in ethanol (10 ¢.c.), and 
then | : 4-dihydro-1 4-diphenyl- 1:2: 4: S-tetrazine (0-3 g.) added. The mixture was refluxed until a 
colourless solution was obtained (10 minutes), then cooled and water (40 c.c.) added. The ipitate 
was collected, dried, and recrystallised from aqueous ethanol, giving colourless needles (0-27 &). m 
1145—115° (Found: C, 71-5; H, 53: N, 235%; M (ebullioscopic in benzene), 238, 239. C,H 
requires C, 712; H, 51; N, 237%; M, '236). 3-Ansimo-l-phenyl-1 : 2 . 4-triazole is soluble in dilute 

acids and forms a monoacetyl Aa Fag m. p. 113-56—114-5’; colourless needles from benzene-light 

_— (b 0.80") (Found: C, 69-3; 53; N, 20-1. C,H YON, requires C, 600; H, 51; 

Yb0-2%) Hydrolysis of the acetyl derivative by heating it with “Concentrated hydrochione acid 
regenerated the parent triazole in 96% yield. 


Reaction of Sodium Ethoside with 1: 4-Di-p-chlorophenyl-| : 4-dihydro-1 > 2:4: S-tetranime. 3-p- 
Chloroanilino-\-p-chlorophenyl-1 : 2: 4-triazole (V; R = ~-C,H,Cl).—The reaction was carried out with 
1: 4-di-p-chioropheny!l-1 : 4-dihydro-1 : 2: 4: 6-tetrazine (0-2 g.) as in the vious case. The product 
separated from aqueous ethanol as colourless needles (0-18 g.), m 140° (Found: C, 56-3; H, 32; 
N, 18-4; Cl, 23-9. C,,H,N,Cl, requires C, 55-1; H, 3-3; N, 184; Cl, 23-2%). 3-p-CAloroanslino-1-p- 
chlow ophenyl- 1:2 4-triazole is is soluble in dilute acids, the monoacetyl derivative forms colourless needles 
m. p. 183—184-5", from aqueous ethanol (Found: C, 553; H, 34; N, 15-8; Cl, 20-1. C,,HONCl, 
requires ©, 55-3; H, 3-6; N, 16-1; Cl, 20-4%) 


Reaction of Sodium Ethoxide with 1: 4-Dihydro-1 ; 4-di-p-tolyl-1 > 2. 4: Stetrazine. 3-p-Toluidino- 
l-p-tolyl-l > 2: 4-triazole (V; R = p-C,HyMe).—1 : 4-Dihydro-l : 4-di-p-tolyl-l : 2: 4° 5-tetrazine 
(1-80 g.) gave, as in the previous cases, 3- 3 toluidine -* -tolyl 12:4 otecels a 78 g.), colourless needles 
mp. 118—118-5°, from aqueous ethanol (Found : C, H, 59; N, 210. C,.H,.N, requires C, 72-7; 
H. 61; N, 21-29). Acetyl derivative, needies, m . 147 ae, from benzene light petroleum (b. p 
80") (Found: C, 70-8; H, 59; N, 18-1. C,,H,,ON, requires C, 706; H, 5-9; N, 16-3%) 


3-Chloro-\-phenyl-1 : 2 . 4-triazole.—-1-Phenyl-1 : 2: 4-triazol-3-one (2-6 g.) (Widman, Ber., 1893, 26, 
2613) was heated with phosphorus oxychloride (4-5 c.c.) in a sealed tube at 200° for two hours. The 
mixture was cooled, poured on ice, and made faintly alkaline with sodium hydroxide solution. The solid 
was collected and recrystallised from aqueous ethanol << 3-chloro-l-phenyl-1 : 2 : 4-triazole (2-1 g.; 
75%) as colourless needles, m. p. 76—78" (Andreocci, R Accad. Linces, 1855, 6, 225, gives m. p. 
76°) 

3-Methylitno-|-phenyl-1 . 2: 4-triazole (VIIL).-—To tw? hydroxide (4:5 &} dissolved in dry 
methanol (150 c.c.) was added 3-mercapto-l-pheny 4-triazole (14 g.) (Pellizzari and Ferro, 
Gaxrsetta, 1898, 28. (ii), 2). Methyl! iodide (45 c.c.) was then added slowly to the yellow solution 
After } hour, the solution was concentrated (to 8) c.c.), water (300 c.c.) added, and the oil extracted into 
ether. The extract yielded a pale-yellow oil (13-5 g.) which solidified on being kept; the solid has 
m. p. 47-48". 3-Methylihio-1-phenyl-1 : 2 : 4-triazole (VIII) crystallises from light petroleum (b. p. 60—- 
80°) in colourless plates, m. p. 50° (Found: C, 57-3; H, 47; N, 220. C,H,N,S requires C, 56-5; H, 
4-7; N, 22-40%) 

Ruhemann's Compound, C,,H,,N,—(a) The method described by Ruhemann and Elliott (lec. cit.) 
yielded in our hands only N’-formyl-N-phenylhydrazine. The following method is based on that 
described by Hammick, New, Sidgwick, and Sutton (/., 1930, 1876) for the preparation of isocyanides 


Phenylbydrazine (25 g.), chloroform (13 c.c.), and methanol (50 c.c.) were heated to 60° with stirring 
Solid potassium hydroxide (6 g.) was then added; a vigorous reaction occurred and the liquid became 
deep red. As the reaction subsided, potassium hydroxide (6 g.) and a mixture of chloroform and 
methanol (5 c.c. of a mixture composed of 26 c.c. chloroform and 34 ¢.c. methanol) were added, and these 
additions were ted 12 times until the whole of the chloroform-methanol mixture and potassium 
hydroxide (72 g.) had been used. The mixture was then boiled under reflux for one hour, cooled, diluted 
with water (500 c.c.), and extracted with ether (00 c.c.). The extract yielded « red oil, which was 
steam-<distilied and the residue extracted with ether (200 c.c.) (the solid insoluble in ether (0-8 g.) was 
identified by m. p. and mixed m_ p. as N’-formy!-N-phenylhydrazine|. The extract was concentrated 
under reduced pressure and the residual dark oi] was triturated with ethanol (10 c.c.). The solid which 
separated overnight was collected, dried, and recrystallised from ethanol, giving silky white needles 
(0-54 g.; 2%), m. p. 180°, identical with the product prepared by the following method. 

(6) We were unable to obtain ny of the compound, m. p. 180", by the method described by 

, 1897, 30, 1263). N’-Pormyl-N yibydrazine (10 g.) was kept at 250—260° for 
and the mixture then steam-<distilled residue was extracted with ether (200 c.c.), the 
thick oil left after removal of the solvent triturated with a little ethanol, and the solid collected, dried, 
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and crystallised from ethanol, giving fine white needles (0-42 g., 5%), m. p. 180° (Found: C, 7] 
H, 40, N, 2346 M(ebullioscopic im benzene), 248, 241. Calc. for Casbtgs C, 71-2; H, & 
N, 237%; M . The substance shows a strong white fluorescence :n ultra- light. 

rs of Ruhemann's Compound derwed from p-T olylaydrazine —(a) This substance was prepared 
from p-tolythydrazine (15 g_) in the manner described above (method a) for the tion of Ruhemann's 
compound, C,HN, The duct after crystallisation from ethanol, faintly yellow plates 
mp. 186 \Se° (0-25 g 54, yield) Ruhemann records m. p. 185 (b) N’-Formyl-N-p-tolyl- 
hydrazine es ) was heated at 250 for one hour, and the product isolated as in the manner previously 
given (met b) 


3: 
i 


for the preparation of Rahemann’s compound, ( rally _" product (0-35 g.; 8%) 


had m. p. and mixed m. p. 165-186" (Found. C, 726; H, 64; N, Cale. for CugHypN,: ©, 
72-7, H, G1, N, 21-23%). The substance shows a strong white flacrescence in ultra-violet light 

N-p-CAlorophenyt. N '-formyihydrasine.~-p-Chiorophenythydrazine (10 g.), glacial acetic acid (100 cc), 
and formamide (3-5 g.) were heated to 70° and after 4 hour the mixture was diluted with water (100 c« 
and the precipitate collected. After crystallisation from ethanol (yield 97 g., 81%) and then from 
water, the N-p ae formylhydrasime formed colourless needies, m. p. 186—-187° (Found 
C408: He N, 16-8; Cl, 204. C,H,ON,C) requires C, 49-3; H.43; N, 16-5; Cl, 20-86%) (Hewitt, 
joe. o., gives m. p. 162 

Analogue of Ruhemann's Compound derwwed from p-C hlorophenylhydrazine —p-Chloropbenylhydrazine 
(13 g.) was treated with chionform and potassiam hydroxide as in the eding cases. The residue, 
after steam distillation, was shaken with ether (350 c.c.), and the insoluble materia! collected and dred 
(0-03 g.). Crystalhsation from ethanol gave the compound as faintly yellow needles, m. p. 254° (Found 
©, 652; H, 34; N, 17-5. C,H yN,Cl, requires C, 55-1; H, 3-3, N, 183%). This compound showed a 
very st white fluorescence in ultra-violet light. Evaporation of the ethereal extract left a thick red 
oil from which N-p-chiorophenyl-N’-formylhydrazine (1-0 g.), m. p. and mixed m. p. 186—187°, was 
ssolated 
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664. The Electric Dipole Moments of Some Dihydrotetrazines and 
Related Compounds, 


By P. G. Evoceriey and L. E. Suttrox 


From electric dipole moment measurements, it has been shown that the compounds prepared 
by Baker, Ollis, and Poole (preceding paper) are probably the true 1 : 4-diaryl-1 : 4-dihydro- 
1. 2: 4: 6-tetrazines, while that prepared by Ruhemann must have an asymmetric, and therefore 
a different structure 

By considering the moments of the \-phenyl-anilinotriazoles, it has been shown that the 
compound obtained by alkaline rearrangement of | . 4-dihydro-1 : 4-diphenyl-1 : 2:4: 5- 
tetrazine can only be derived from I-pheny!l-1 ° 2 : 4-triazole if, as is probable, it is an N-pheny!- 
anilinotriazole : 


Iw order to distinguish between two compounds, both of which were believed to be 1 : 4-di- 
hydro-1 : 4-iphenyl-1: 2° 4: 5-tetrazine, we measured their dipole moments in benzene 
solution at the request of Prof. W. Baker The results led to measurement of some further 
compounds of this type 


EXPERIMENTAL 


All the compounds were supplied by Prof. W. Baker, Dr. W. D. Ollis, and Dr. V. D. Poole. The 
methods by which they were prepared are described in the preceding paper 

Solvent (benzene) purification and measurements were carried out in the manner described by 
Everard and Sutton (/.. 1949, 2312 The refractive indices of the solutions were determined on a 
Pulfrich refractometer. The calculations of the polarisations were performed in the way described by 
Everard, Hill, and Sutton (Trans. Fareday Soc, 1960, 46,417). The symbol convention is also the same 
as in that paper 


1: 4Dihydro-l  4-diphenyl-l 2.4.5 1 4-Di-p-cAlorophenyl-1 . 4-dihydro-1 : 2 
tetvazene (1 tetvarine ( 


t ow t t 
}i4a5n4 0.002200 2-2733 114416 
1 lease O-00789 1 i 1 14304 
1 l44e4 008899 f 114108 
1 14s61 (008870 114138 

— 0 O0U6S 014320 —_ 


- 
0 oo0e76 
o-ooltese 
0 003408 
0 0046562 
O-004001 
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1: 4-Dehydro-1 : 4-di-p-tolyl-1 2. 4°55 
tetrazine (III Ruhemann’s compound, C,H yN, (LV) 


OMOL274 73 1 14402 O41 38S 2.2750 1 14450 

3 1 14447 O03 1 Oooses? 3 1 14380 

04004126 2:27 1 l4aale 0-00047 oa 1.14350 

1 008965 2-2777 114269 0-00 104 0-006425 2.2879 114280 
0 007634 0.00095 


Alhaline rearrangement product of (1) (probably 3-anslino-1-phenyl-1 : 2 : 4-triazole) (V) 


0-002310 2-2865 114505 0.006363 23116 1 14442 
O-OO4015 2.2970 114529 . 0-008 576 23242 1lasae 0.00086 


lhe dipole moments of the dihydrotetrasines and some related compounds wm benzene solution at 25°. 


8 v, y , . Dd. 

au 2-272 036 14554 old : O-8 
(tl 5 f 2 O49 14513 013 q 0.65 
(ait 5 ‘ 0-20 14520 0-12 : 0-75 
(IV) : 2: O35 14506 O12 . 211 
{V 2 ow “14477 10 2 ah 


The dipole moments of (I), (IT), and (ITI) are quoted to the nearest 0-05 p., which is the probable 
error in « owing to the practical limitations of the experimental technique. The moments of compounds 
(IV) and (V) are subject to an error of +002 b 


As usual with compounds of low dipole moments (1, II, and III) it is not possible to obtain very 
precise values owing to the uncertainty about atom polarisation. The moments quoted above were 
obtained by making the assumption that »P, + ,?P, is equal to the molar refraction for the Nap 
line, [R}p. The following table, however, shows the polarisations of (1), (11), and (ITT) on the assumption 
that ,P is 12% of [Ro 

? *.D 
|: 4-Dihydro-1 : 4-diphenyl-1 : 2: 4: 5-tetrazine (1) 4 oo 
1 : §-Di-p-chlorophenyl-! : 4-dibydro-1 : 2: 4; 5-tetrazine (11) 00 
: : 4-Dihydro-l : 4-di-p-tolyl-1 : 2: 4: 5-tetrazine (III 1” 02 


oP 
4 


DiIscUSSION 


From the moments of the compounds prepared by Baker ¢f al. @ee above) and that of 
Ruhemann’'s compound, it is reasonably certain that the former are the true dihydrotetrazines 
but that Ruhemann’s compound must possess another structure 

Although, by making the assumptions that we normally du with regard to atom polarisation, 
the compounds appear to have small moments, it can be seen from the foregoing table that an 
atom polarisation of about 12°, of ,P is sufficient to reduce the moments of all three dihydro- 
tetrazines effectively to zero. trans-Azobenzene, if we assume it to be symmetrical, has an 
atom polarisation of 8—10% of ,P (Hartley and Le Févre, J., 1939, 531; Bergmann, Engel, 
and Sandor, Ber., 1930, 63, 8, 2572). Itis therefore probable, but not certain, that the moments 
of the dihydrotetrazines are zero. If this were so, it would be a possible conclusion, though not 
a necessary one, that the ring system is completely flat, as Baker ef al. have suggested on the 
evidence of their visible and ultra-violet absorption spectra. If there is a small moment, this 
could be due to the dihydro-ring system being not quite flat, but slightly buckled, the pheny! 
groups probably remaining roughly anti-parallel to each other. With the present measurements 
a definite choice between these possibilities cannot be made 

Without further analysis, all that can be said of the isomers of dibydrodiphenyltetrazine 
(Ruhemann’s compound and the alkaline rearrangement product V), is that they are asymmetric 
By making reasonable assumptions it is, however, possible to reach a more definite conclusion 

Baker, Ollis, and Poole (loc. cit.) conclude that (V) is an N-phenyl-anilinotriazole. Now 
there are six possible N-phenyl-anilinotriazoles, as shown below: under each is given the 
moment of the parent N-pheny!triazole (Jensen and Friediger, Kgi. Danske Mat -fys. Metteleser, 
1943, 20, 20) 


NHPb 
AH=C-NHPh oan _AN—CONHPh 
| Pw wen py 
5-Anilino- | -phenyl- 4-Anilino-2-phenyl- 
1:2. S-trizaole. 1:2) 3-triazole. 
408 D 0-97 D 
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CH=N = CH—NPh 


’ i N | 
NewoC-NHPh = N==C-NHPh 
3- Aniline I-pheny! & Anilino-1-phenyt- 3- Anilino-4-pheny! 
1:2 4triagole 1 2. @-triazole 1: 2: 4-triazole 
Parent moment 2458p eo 563 


Next, it may be shown that the effect of anilino-substitution into an N-phenyltriazole must be 
to increase the moment. The anilino-group is bent; but the mean moment is the same whether 
the group rotates freely about the bond joining it to the triazole ring or assumes equally two 
positions in which it is held coplanar with the triazole ring by «-bonding between the two. Ii 
, is the fixed moment and yu, the rotating one then, whatever the angle between the former 
and the axis of rotation of the latter, the mean moment is Vu," + g*. By resolving the moment 
of the anilino-group into a non-rotating component yy, (along the C~N axis) and a rotating one 
ty (= w,) perpendicular to this, the mean moment may easily be evaluated, because p, is the 
vector resultant of uw, and the moment of the parent compound 


Pa y] 
N 


H x 


Using the best available values for the C~N, Ph-N, and N-H bond moments (cf. Hill and 
Sutton, /., 1949, 746; Everard and Sutton, sbid., p. 2320), we find that the o-bond component 
along X is from 00 to @3 Dp. out of the hetero-ring. There is also a possible r-bond moment 
which may be taken as between 0-0 and 05 p. info the ring. The a-bond component py (= p, 
is found to be about 2b© uy may augment the parent moment, in which event the mean total! 
moment is increased both from this cause and from the effect of uy,; but even if uy opposes 
the parent moment, its effect, since it is small, will be outweighed by that of wu, which always 
imcreases the moment In general, therefore, substitution by the anilino-group increases the 
moment, though by an amount which depends upon the magnitude and direction of the parent 
moment The increase is less the greater the parent moment, and when the latter is I p., the 
maximum increase due both to uy and to yu, is about 1:7 p 

From the moments of the parent compounds, it is immediately obvious that compound (V 
of moment 3°54, cannot be derived from |-phenyl-1: 2: 3-triazole (two isomers) or 4-pheny! 
1:2.) 4-triazole; two of these possibilities had, indeed, already been eliminated because 
S-anilino-I-phenyl-1 ; 2: 3-triazole and 3-anilino-4-phenyl-1 : 2: 4-triazole are already known 

Dimroth, Annalen, 1908, 364, 225; Busch, Ber, 1900, 33, 1067). It is also obvious that (V 
cannot be derived from 2-phenyl-1 : 2 : 3-triazole which has too small a moment to be increased 
to 3:34 by anilino-substitution The remaining possibilities are, therefore, 3- or 5-anilino-1 
phenyl. : 2: 4-triazole Between these, from dipole evidence alone, we cannot choose: Baker 
Ollis, and Poole (lec eit.), from considerations of probable reaction mechanism, have chosen the 
former. We may add that if Ruhemann’s compound should prove to be an N-pheny!-anilino 

triazole we should expect it to be the 4-anilino-2-phenyl-1 > 2:3 
triazole because its moment is 2-1 p 

It may be shown that either 3- or 5-anilino-l-phenyl-1: 2: 4 
triazole should have a moment very close to that observed for 
compound (V). Taking the direction of the parent moment to be 
that calculated by Orgel, Cottrell, Dick, and Sutton (to be published) 
see figure), and assuming that the substitution moment consists of 
Ay 3 out of the ring or OS into it, and that p, dy = 2 (see 
above we find that the moment of the former compound is 
3:15-3:75 p., and that of the latter is 34—3°75 p., the arithmetical 

ans bemg 345 and 3°55 


The moment of 4-anilino-2-phenyl-| : 2: 3-tnazole, calculated similarly, should be 2 23p. 

The authors thank Professor Baker and his colleagues for bringing this problem to their attention and 
for discussions thereon also the Ministry of Education for a Further Educational and Training Grant 
to one of them (P. G. E.), and Imperial Chemical Industries Limited for a grant towards the cost of 
the research 
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665. An Open-chain Analogue of Ethyl 7-Methylbisdehydro- 
doisynolic Acid. 
By Eopwarp R. CLARK. 


Ethy! 3-ethy!l-4-(p-methoxypheny!l)hex-4-ene-l-carboxylate (XII) has been synthesised 
and found to possess recable aestrogenic activity 6 is the first known record of a 
substance possessing only one ring in its structure having more than a trace of such activity. 
The essential structural requirements for activity, postulated by Schueler, are discussed and 
a modification is suggested 


SCHUELER (Science, 1946, 108, 221) has suggested that “a given substance may be estrogenic 
if it consists of a rather large, mgd and mert molecular structure with two active hydrogen- 
bond-forming groups (¢.g., phenolic ~-OH) located at an optimum distance of 8°55 a. from one 
another.” More recent work has to a certain extent borne out this hypothesis for most very 
active compounds. Among the exceptions are, of course, the triphenylethylenes. Schueler 
has discussed chlorotriphenylethylene (I) and poimted out that the chlorine group is essential 
for high activity and that its inductive effect increases the hydrogen-bond-forming power of 
the para-hydrogen atoms. Whether, in fact, hydrogen bonding of the para-hydrogen atoms 
is directly responsible for the activity of (1) or whether positions of low electron density are 
required for the attack of a nucleophillic reagent im vivo, producing the active compound, is a 
matter of conjecture. It appears to the present author that the latter hypothesis is the more 
likely in view of the prolonged activity of the compound and its slow elimination from the 
body 

A further active astrogenic agent not possessing two active hydrogen-bond-forming groups 
is the racemic phenanthrol methy! ether (11; R =< Me) (Heer and Miescher, Helv. Chim. Acta, 
1947, 30, 777 It is difficult, however, to reconcile its reported high activity with the slight 
activity of its ethyl homologue (II; R = Et) (Anner, Heer, and Miescher, iid, 1946, 29, 1071), 
and the question whether (Il; K = Me) is itself the active agent or whether it is modified im 
vivo 1s pertinent, particularly having regard to its reported prolonged action in the body 

Of the compounds possessing two active, or potentially active, hydrogen-bond-forming 
groups at the required distance apart, several have been reported to possess little, if any, 
aestrogemic activity. Lack of rigidity may explain the comparative inactivity of (II1) (Clark 
and Linnell, ]. Pharm. Pharmacol., 1949, 1, 211); but the structures ([V) (Rubin and Wishinsky 
|. Amer Chem. Soc., 1946, 68, 338) and (V) (Anner, Heer, and Miescher, Helv. Chim. Acta, 
1946, 29, 1071) would appear to conform to all of Schueler’s requirements and yet (IV) is 
reported to be inactive and (V) to be 7,000-—10,000 times less active than (+ )-cts-7-methyl- 
bisdehydrodoisynolic acid (VI) from which it is obtained [or 20 times less active than (+)- 
equilenin methyl! ether (VII) to which it is obviously closely related). It should be added that 
Schueler suggests that ketone groups become hydrogen-bond-forming groups im vivo, either 
by enolisation or by reduction. The fission of ether groupings in vio is a well-established fact 
(Stroud, Nature, 1940, 146, 166) 

he low activities of ([V) and (V) make it obvious that Schueler's postulate is not sufficiently 
stringent in its requirements 

Rideal and Schulman (Nature, 1939, 144, 100) demonstrated that the peak of activity in a 
series of 2$-dialkylstilbeestrols (VIII) coincided with the peak of adsorption on to a uni- 
molecular layer. It is unfortunate that this correlation of astrogenic activity and molecular 
adsorption has not been extended but it seems reasonable to assume that for high activity a 
compound must be capable of a high degree of adsorption at the receptor organ. Factors 
influencing the degree of adsorption are (a) that due to the functional groups and (6) adsorption 
due to Van der Waals forces, depending upon complimentary stereochemical structure of the 
receptor and substance. The importance of the latter requirement is well illustrated by the 
large divergence in activity between (+)-cestrone and lumicestrone (Butenandt and Posch- 
mann, Ber., 1944, TT, 392) which differ only in the linkage between the c and the p ring. At 
the same time it must be recognised that the hydrocarbon structures of diethylstilbcrstrol 
(VIIL; R = R’ = Et) and benzeestrol (X) are vastly different from that of aestra(17$)diol (1X), 
and yet these compounds are highly active cestrogens. Adsorption at the receptor, and hence 
their high activities, must therefore be due mainly to the functional groups. They differ from 
cestradiol in the possession of two phenolic hydroxy! groups instead of one phenolic and 
alcoholic hydroxyl group, 1.¢., in the possession of two acidic or strong hydrogen-bond- 
groups in place of one strong (acidic) and one weak (neutral) hydrogen-bond-forming group. 
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Sumilarly, the highly active (VI) has one acidic and one potentially acid group, whilst the 
comparatively inactive (V) has one potentially acidic and one neutral group 


OH 
Me CH 


A 
oft, cH, CH, 
f. CH, Me 


(vill HO 


It appears probable, therefore, that increased hydrogen-bond-forming power of the functional 
groupings, or possibly the formation of an ionic bond between the carboxyl and a basic group 
of the receptor in the case of the aastrogenic carboxylic acids, may compensate for a low degree 
of Van der Waals adsorption of the hydrocarbon structure. Thus benzcaestrol would be expected 
to have a low degree of adsorption since a particular orientation in space is necessary for the 
molecule to conform with the dimensional requirements of an aestrogen (Martin, Chem. and 
Ind, 1044, 04 et the possession of the two phenolic groups apparently compensates for the 
low degree of Van der Waals adsorption 


Me 


CO,Et CH CH,-CO,kEt 
« CH, 
CH 
CH, 
Me 
It seemed protable, therefore, that a compound such as (XI) might have appreciable 
activity despite its lack of mgidity, the potential carboxyl group “ anchoring “* the compound 
at the receptor and thereby enabling it to become correctly omentated to fit the receptor 
(The ester was chosen since it is more easily administered and might, by analogy with the 
bisdehydrodomynohe ace senes, be expected to be only 5—10 times less active than the free 
acid. Similarly the methoxy-compound would be expected to be almost as active as the free 
phenol.) While the choice of the structure (XI), which may, as shown, be drawn so as to bear 
a formal resemblance to a@estrone, was intentional, it is undesirable that too much weight should 
be put on this property as a criterion for cestrogemic activity. Rather should it be looked on 
as a useful hypothesis which has brought many results in this field. The important structural 
property of (Xl) ts that it possesses two potential, strong hydrogen-bond-forming groups at 
approximately the required distance apart. The use of a hydrocarbon skeleton similar to 
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that of (III) enables a direct measure of the influence of the carbethoxy-group in this type of 
structure to be determined. 

The fact that the product of synthesis is mainly ethy! 3-ethyl-4-(p-methoxyphenyl)hex-4- 
ene-l-carboxylate (XII) does not invalidate the thesis, since, by analogy with diethyistil- 
beestrol the shift of the double bond would be expected to reduce the activity only slightly 
(Wessely ef al, Naturwiss., 1939, 27, 567). In a uterus-stimulating test on mice, (X11) has 
been found to have 1/500th of the activity of diethylistilbestrol, +¢., to have more than eighty 
times the activity of (III), and thus to be appreciably more active than any previously recorded 
monocyclic compound (Masson, Rev. Canadian Biol, 1944, 3, 491; Kaikini and Linnell, 
Quart. ]. Pharm. Pharmacol., 1947, 20, 113) 


Test substance Total dose mouse Mean uterine weight. 
Diethylstilbeestro! ly 21-2 mg 
zy 38-2 mg. 
(X11) eat : : 2wWy 70 me. 
Mwy “41 me 
Controls _ 6—7 mg. 


In previous attempts to synthesise (XI) as an intermediate in the production of (LIT) (Clark 
and Linnell, loc. cit.) by treating ethyl 3-p-methoxybenzoylpentane-l-carboxylate or the 
corresponding acid with ethylmagnesium iodide, the starting material was recovered quantit- 
atively. The action of p-methoxyphenylmagnesium bromide on 3-ethyl-4-ketohexane-1- 
carboxylic acid (XVII) and its ethyl ester was therefore investigated 


Ne 


. Et-CO-CEt-Co,Et > Et-CO-CEt-Co, kt 
bt (CH, CO,Et (CH) COM 
Xl! (XIV) (XV) 


kt-CO-CHEtcCO,Et + CrCHyCH yCO,Et 


i 
v 
HO,C{CH,),CHEtCO,H + EtCO-CHEtCH,),CO,H 
(XVI) (XVIL) 

Ethylation of ethyl propionylacetate by ethyl iodide and sodium ethoxide gave ethylated 
and non-ethylated products, which could only be separated by careful fractionation using a 
100-cm. column with a stainless-steel gauze packing. The resulting ethy! «-propionylbutyrate 
(XI11) was found to give no green copper complex when shaken with copper acetate solution 
and this proved a useful test for the purity of the distillate. An attempt to purify the mixed 
product by repeatedly shaking it with copper acetate solution was unsuccessful 

The use of sodium ethoxide in alcohol, and of sodium ethoxide alone, for the condensation 
of (X11) with ethyl $-chloro- or $-iodo-propionate resulted in yields of only 22-27%, of diethy! 
3-ethyl-4-ketohexane-| ; 3-dicarboxylate (XIV). Powdered sodium in dry ether led to 
consistent yields of ca. 50% 

Some difficulty was experienced in hydrolysing (XIV) to a ketone. The mild conditions 
used by Lions (Proc. Roy. Soc., N.S.W., 1938, 71, 192) for the hydrolysis of diethyl! 4-keto-3- 
methylpentane-| : 3-dicarboxylate to 4-keto-3-methylpentane-l-carboxylic acid (81%) were 
found im this case to give mainly 3-carbethoxy-3-ethyl-4-ketohexane-|-carboxylic acid (XV) 
Various conditions of concentration, temperature, and time, and use of hydrochloric and 
hydrobromic acids were tried, the best yield of 3-ethyl-4-ketohexane-I-carboxylic acid being 
obtained by heating under reflux with dilute hydrochlorne acid for 110 hours. In all the 
experiments using hydrochloric acid a small amount of high-boiling viscous oi] was obtained 
This was not investigated, but when constant-boiling hydrobromic acid was used for the 
hydrolysis, it represented as much as one-third of the starting material. Further heating 
under reflux with hydrobromic acid and glacial acetic acid as solvent yielded the same viscous 
oil and ca. 18% of a-ethylglutaric acid (XVI). In a later experiment 43% of (XVI) was 
obtained. The three acids (XV), (XVI), and (XVII) were identified as their benzyithiuronium 
salts. (XV) and (XVII) are colourless oils; (XVII) did not yield a crystalline semicarbazone 
or 2: 4-dinitrophenvlhydrazone 

In a further attempt to avoid the tedious fractionation of the mixture obtained on ethylation 
of ethyl propionylacetate, the mixture was converted into a mixture of (XIV) and diethy! 
4-ketohexane-|1 : 3-dicarboxylate and this was hydrolysed ; however, the method was unsuccessful 
(see Experimental). 
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?-Methoxyphenylmagnesium bromide (4 equivalents) and (XVII) gave an acidic and 
(mostly) a neutral product. The acidic fraction was esterified without previous purification 
The ester decolourised alkaline permanganate and bromine water, and analysis agreed with 
its formulation as (XI) or (XII). The neutral fraction, a viscous oil, decolourised alkaline 
permanganate and bromine water and contained no active hydrogea. It gave only a sem- 
wid red product on treatment with 2: 4-dinitrophenylhydrazine. Analysis and ozonolysis 
to 4: 4’-dimethoxybenzophenone in good yield indicated that it was (XVIII) 


1) MeO iy Mie 
a) BRO HC 


—-He 
p- MeOH CEHOH)CHEt(CH,),CORt ——> (XII 


(XVI 


& Mert tt, Mg Be 
’ 
{Et CO-CHEt: CH, ,C(OH)(C ,HyOMe-p),) Et-CO-CHErCHyCH.C(C Hy OMe-p), 
(XVIIL) 


The only reports of the attack of an aromatic Grignard reagent on an acid group are those 
by Petrov ef al, who always used the sodiem salt of the acid and phenylmagnesium bromide 
In one paper (Bull, Acad. Sa. USSR, Classe Sei. math. nat., Sér, Chim., 1938, 347) 
it is stated that no reaction occurs with salts of fatty acids higher than butyric, but in another 

|} Gen Chem USS R., 1938, 8, 199) that with salts of higher fatty acids dipheny!| compounds 
were formed and no phenyl ketones. The formation of (XVIII), and also the product of 
reaction between p-methoxyphenylmagnesium bromide and pentane-|-carboxylic acid, are 
consistent with the latter result 
HO 
C,H,,CO,H > C,H, C(OHN)(C HyOMe-p), —> Bu*CHOC(C ,HyOMe->), 
(XIX (XX.) 


The product of the last reaction, a pale yellow viscous oil, gave evidence of unsaturation 
snd also of the presence of a hydroxyl group, t¢, it was a mixture of (XIX) and (XX 
Heating it with iodine gave a pure sample of 1 | 1-di-p-methoxyphenylhex-l-ene (XX) 

Though the amount of material available was small, an attempt was made to decide between 
the alternative structures (X1) and (XII) for the unsaturated ester. Expetience (Clark and 
Linnell, Joc. ct.) has shown that p-methoxypropiophenone can be isolated as its 2 : 4-dinitro- 
phenyvihydrazone when present in quite smal! amounts. It could not however be isolated 
from the ozonolysis products on this occasion, nor could ethyl 3-ketopentane-l-carboxylate 
2 4-dinitrophenylhydrazone : a red viscous m! was formed, possibly the 2: 4-dinitropheny!- 
hydrazone of ethyl 3-(p-methoxybenzoyl)pentane-|-carboxylate (Clark and Linnell, loc. cit 
but lack of material prevented isolation of this ester in a state of purity; probably, however, the 
substance is mainly, if not entirely, (XII 

Esterifieation of (XVII) by the Fischer method was more rapid than that normally used for 
y- and 8-keto-acids and gave comparable vields. Ethyl 4-ketopentane-l-carboxylate (X XI) 
was obtained similarly in 68% yield (cf. Kuzicka, Hele. Cham. Acta, 1919, 2, 144 Ethvl 
B-ethy!l-4-ketohexane-l-carboxylate was recovered after treatment with $-methoxypheny!- 
magnesium bromide (1 equivalent this is similar to the lack of attack of allyimagnesium 
bromide on ethy! levulate (Shchritza, /. Russ Phys Chem. Soc., 1912, 44, 1853) but differs 
from the reaction of #-tetradecyimagnesium bromide on ethv! levulate (Carson, Wolfhagen, 


p-MeOrC Hy Me Br » MeCO"CH, COR p-MeO-C ,Hy-CMe- , ae sO 


(XXNI (XXII 


Torpey, and Adams, / Org Chem , 1049, 14, 147) which gave a lactone In order to compare 
the reaction of a straight-chain 4§-keto-ester the action of p-methoxyphenylmagnesium bromide 
on (XXII) was investigated 4-hydroxy-4-p-methoxyphenylpentane-l-carboxyvlic lactone 
(XXIV) was obtained in «mal! vield 
EXPERIMENTAL 
(M. p.s are uncorrected. Microanalyses by Drs. Weiler and Strauss.) 

luethyl 3B thyl-4-Aetohesane-|  3S-duarbosylaw’.—Ethy! «@propionylbutyrate (52 g.) (Anderson, 
Helverstadt, Miller, and Roblin, J Amer. Chem. Soc., 1945, os 2197) was added during 1) hours to 
powdered sxdiem (68 ¢) in dry ether (300 cc), which was gently heated under reflux and stirred. 
After a further 14 hours’ refluxing all the sodium had reacted. Ethy! §-chioropropionate (50 g.) was 
added to the refluxing mixture during | hour, and the mixture stirred at room temperature overmght 
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and then, with reflux for a further 9 hours. The sodium chloride was oe off from the cold 
ethereal solution, distillation of which yiekied diethy! S-ethyi-4-Aeioherane | arboxylate (41 «@.), 
b. p. 108—111°/0-4 mm. (Found: C, 622; H, 90. C,,H,,O, requires C, 61-8; ii 88%) 


Hydrolysis of Duethyl 3-Ethy!l-4-hetohexane-| ; 3-dicarboxylate.—(a) Dilute hydrochloric acid. (i) The 
ester (8 g.) was heated under reflux with concentrated hydrochloric acid (17 ¢.c.) and water (50 c.c.) 
for 3 hours. The cooled aqueous — was saturated with ammonium sulphate and extracted with 
ether. The p ite product, on distillation, was 3-carbethoxy-3-cthy!-4- ketohexane- —— ack! 
(#1 ¢.). b 146°/0-3 mm., giving a bencylthiwronium salt, m. p 121- 122° (Found _ 586 
H, 7-3; N, e 5.746 CooH.O,N,5 requires C, 58-6; H, 73; N. 68. S, 78%). 


(u) The ester (16 g.}, concentrated hydrochloric acid (40 ¢.c.), and water (80 ¢.c.) were heated under 
reflux, with stirring. for 110 hours. Working up as above yielded 3-cthy!-4-ketohbexane-| carboxyl 
acid (5-5 g.), b 121.-126°/0-3 mm., giving a uronium salt, m p. L1l-—-111-5° (Pound: ¢ 
60-5; H, 7-9; N, #4; S,@4. C,,H,,O,N,S requires C, 60-3: H, 7-7; N, 83; S, 95%) 


(b) Comstant-bosiing Aydrobromic acid. The ester (285 g.) and hydrobromic acid (d 1-49; 100 cc.) 
were heated under reflux, with stirring, for 40 hours. Dilution and working up as above yielded 
3-ethyl-4-ketohexane-!-carboxylic acid (24 g.), a fraction, b. p. 130--140°/0-5 mm. (45 g.), which 
gave a smal! amount of the benzy!thiuronium salt of this acid, and a viscous oil, b. p. 140-153" 0-5 mm 
(82 g.), which on treatment with hydrobromic and acetic acids gave «-cthylglutaric acid (3 g.), b. p 
13°03 mm. Recrystallised from benzene-cyciohexane (1 1), this had m. p. 50—60° (Found 
52-3; H,7-6. Cale. forC »H,O,: C, 52-5; H, 7-5%), and gave a di(benzylthiuronium) salt, m. p. 131-5 
132° (Found: C, 56-5; H, 55. N, 11-3; 5S, 13-0. CHO NS requires C, 563, H, G1; N, lla 
S, 13-1%) 

Further hydrolyses conducted in a similar manner to those described above gave the results shown 
in the table 

Yield 4 (% ) of 


—_—__ —_——_—_— 
Reagent Temp Hrs (XVII) (Xv) (XVI) 

1:2 HCHO im’ * 5 3s 43 

1: 3 HCl-AcOH Reflux 6 5 a9 

HBr (d 1-49 20 0 23 43 


* Sealed tube 


Hydrolysis of Diethyl 3 Ethyl-4-hetohesane-\ 3-dicarboxylate contaminated with Dicthyl 4-Ketohesane 
1 3-dicarborylate.—The mixed glutarates (12 g.) obtained from ethy! e-propiony!lbutyrate contaminated 
with ethyl propionylacetate were heated under reflux with concentrated hydrochloric acid for 90 hours 
with stirring, and yielded, when worked up as above, an oil (4-7 g.), b. p. 114-—-124°/0-1 mm., which on 
storage deposited crystals of 4-ketohexane-l-carboxylic acid, m. p. 495--50-5" (Found: C, 581; H 
87. Cale. for C,H,,O,: C, 583, H, 83%), yielding a semicarbazone, m. p. 188-189" (Found: ¢ 
480: H, 7-5; N, 20-7. Cale. for C,H,,O,N,° C, 47-8; H, 75; N, 200%). A further quantity of 
this semicarbazone could be isolated from the supernatant o:), which afforded also the benzy!thivronium 
salt of 4-keto-3-ethylhexane-1I-carboxylic acid 


Ethyl 3-Ethyl-4-hActohexane-\-carboxylate.—Hydrogen chloride was passed into a solution of 3-ethy! 
4-ketohexane-|-carboxylic acid (5 g.) in boiling absolute alcohol (40 c.c.) for 4 hours. Working up in the 
normal manner gave the ethy! ester (4-5 g.), b. p. 124-—126°/14 mm., yielding a phenylsemicarbazonc 
m. p. 96-5—97-5" (Found : C, 65-4; H, 83; N,12-5. C,,H,,O,N, requires C, 64-9; H, 82; N, 12-79 


Reaction between p-Methoxyphenylmagnesium Bromide and 3-Ethyl-4-ketohexane-\-carboayle Acid 

To a cooled ethereal! solution of p-methoxyphenylmagnesium bromide [from p-methoxypheny! bromide 
(23 g.) and magnesium (3-0 g.) in dry ether (75 c.c.)) was added a solution of 3-ethyl-4-ketohexane-! 
carboxylic acid (5 g.) in ether (25 c.c.), and the mixture was heated under reflux and stirred for 48 hours 
The complex was decomposed with ice and dilute hydrochloric acid, the ethereal layer separated, and the 
aqueous layer extracted with ether. The combined ethereal extracts were washed with dilute sodium 
hydroxide solution and finally with water. Distillation of the dried ethereal solution yielded dianisy! 
(0-75g.), m. p. 172-174" (mixed m. p. with a genuine sample, 173-174"), and 4-¢thyl-5-Aeto-1 : 1-di-p 
methoxyphenylhept-l-ene (3-5 g.), an extremely viscous, pale yellow oil, distilling at 215225 
(air-bath) 0-03 mm. (Found: C, 786, H, 80. C,,H,,O, requires C, 78-4; H, 80%) 


Acidification, followed by ethereal extraction of the alkaline washings and evaporation, yielded 
a viscous brown residue. This was heated under reflux for 3 hours with absolute alcohol ( «.c.), with 
passage of hydrogen chloride through the solution. The excess of alcohol was removed under reduced 
pressure, water added, the oil taken into ether, and the ethereal solution washed with dilute sodium 
carbonate solution and finally dried. Distillation yielded ethyl 3-ethyl-4-p ey 4-ene-l 
carboxylate (1 g.), b. p. 140-—144° (air-bath) 0-03 mm. (Found: C, 747, H, @1. C,,H,.O, requires 
>, 745; H, 90%) 

Oronolysis of 4-Ethyl-5-heto-1 : 1-di-p-methoxyphenylhept-\-ene.Oronised oxygen was passed 
through a cold solution of 4-ethyl-5-keto-1 : 1-di-p-methoxyphenylhept-l-ene (0-5 g) in chicroform 
(25 c.c.) for 6 hours, the chloreform distilled off under reduced pressure, and the ozonide decomposed 
with ice-water. The oe a was crystallised from alcohol, giving 4. 4'-dimethoxy 
benzophenone, m. p. 14 435° ( m with a genuine sample, 142.5-143-5") (Pound: C, 
7 “e 5-5. Calc. for C,,H,,0,: C, 74-4; Hse). “J , 


: yi“ -l-ene.—To a cold solution of p-methoxypheny um bromide, 
onipua tole > xyphenyl beemide (164 g.) ond teaguesiom (D7 pyle dey of (225 ¢.c.), was 
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added a solution of peutane-l carboxylic acid (11-6 g.) in ether (25 c« The mixture was heated under 
reflux, with stirring, for 4% hours, and decomposed with ice and dilute hydrochloric acid, the ethereal 
layer was separated. and the aqueous layer further extracted with ether. The combined ethereal 

wtions were washed with dilute sodium hydrogen carbonate solution and dried oe > E vapor 
ation gave a residue from which dianisy! (0-45 g.) crystallised, having m PB 172-5— 173" (Found = 
71; H, 66; MeO, 282. Cale. for C,,H.O,: C, 784; H, 65; MeO, 290% Distillation of the 
hquid pe gave a further quantity of dianisy! and finally a viscous almost colourless oi) (10 g.) 
b.p.l 182°,02 mm. This oi! (2 g.) was distilled with iodine (0-15 g.), and the distillate dissolved 
im ether, washed with dilute sodium thiosulphate solution, and dried. Distillation yielded 1: |-d:- 
p-methosyphenyihes lene (12 g.), b. p. 175--180°O2 mm. (Found: C, 08: H, 85. C,H, 
requires ©, 41-0, H, & 1%) 


Ethyl 4 Ketopentane-| carboryiate —Hydrogen chioride was passed into a solution of 4-ketupentane 
l-carbesylic acid (W. H. Perkin, jun., /., 18 @, 1510) (10 g.) in boiling absolute alcohol (30 cc.) for 
6 hours £7 wy isolated in the normal way, had b. p. 97-—-06°/8-5 mm. (Found: C, 60-8; H, #1 
Cak. for C,H, C, 8 H, &9%). It yielded a semicarbazone, m. p. 107-5—108-5° (Found. ¢, 
oo8: 1.79. Klee. ,H,.0,N, requires ©, 500: H, 7-9. N, 19-65% 


Ethyl 3- Ketopentane-\-carbosylate..Prepared according to the method of Friedmann (J. fr. Chem., 
1936, 146, 169), this had b. p. 8% —80°,7 mm. It yielded a 2 4-dinslrophenylaydrasone, m. p. 70-5 
71° (Pound C, 495, H,&3, N, 1625. C,,H,,O,N, requires C, 49-6; H, 53; N, 16-55%, 


4+-Hydrosy 4-p -methoryphenyipentane.\-carborylic Lactome.—To a cold, stirred, ethereal solution of 
fp methoxyphenylmagnesiam bromide, prepared from p-methoxypheny! bromide (6-5 g.) and magnesium 
(0-8 g.) in dry ether (20 ¢.c.), was added, during 5 minutes, a solution of ethy! 4 ketopentane-1-carboxylate 
(5 g.) im dry ether (ld cc.) The reaction mixture was stirred at room temperature for 1 hour and then 
at the b p. for a further 3 hours. The product was poured on ice and dilute hydrochloric acid, the 
ethereal layer separated, and the aqueous layer further extracted with ether The combined ethereal 
extracts were washed thoroughly with dilute sxhium carbonate solution, and finally dried. LD»stillation 
gave 3 ¢. of unchanged ethyl 4¢-ketopentane-| carboxylate Aculification of the sodium carbonate 
washings and extraction with ether yielded a wax-like solid (1-0 2g b. p. 165—157°/02 mm. Ke- 
crystallisation from benzene-cyclohexane (1 1) yielded 4-Aydroxy-4-p-methoryphenylpeniane-| carboxylic 
lactone, m. p. 70-56-—80-5" (Found: C, 71-3; H. 73. C,,H,,O, requires C, 70-9; H, 73% 


I thank Dy F. J. Dyer, formerly of the School of Pharmacy (University of London) and now of the 
Laboratory Animals Bureau (Medical Research Counct!), for conducting the physiological examination 


and Professor F. Challenger for the interest be has taken in this work and for his helpful suggestions 


Tue University, Laeps, 2 Recewed, July 28th, 1950 


666. Determination of the Age of Igneous Rocks. 


By Stanko Minowié 


In view of the importance of determinations of age in geochemical prospecting for ore 
deposits, an attempt has been made to determine geological age directly in rock samples. Owing 
to the extremely smal! amounts of the relevant elements occurring in rocks, mass sper trographi 
analysis of the inactive end-products is not practicable and the determinations of age have 
been made by two independent methods, ms., the “ lead " and the “ strontium method. As 
spe a metheads are not sensitive eno oa for lead, it was determined by a polarograph» 
met hot xcept for samples of a granite and a granulite from the Carboniferous, the two 
metheais gave fairly concordant results 


In connection with a proposed geochemical method for prospecting for ore deposits (Miholi<, 
Intern. Geol. Congress, Report of the XVIIIth Sesston, Part 11, p. 86) the need arises for a simple 
and direct method for the determination of the geological age of igneous rocks accompanying the 
metalliferous faults and joints. At present only radioactive methods are available for this 
purpose, but since igneous rocks contain the relevant elements only in traces, no isotopic analysis 
of the end-products of the radioactive disintegrations is possible as is the case in determinations 
of age in minerals. This entails serious sources of error, as the rocks might contain ab initio 
non-radiogenic isotopes of those end-products. Tertiary igneous rocks, for instance, are unusually 
rich in lead (Holmes, Proc Roy Inch Acad , 1936, 46, B, 89), and according to Sahama (Bull 
Geol, Comm. Finlande, 1945, 185), younger granites contain up to 001% of lead oxide 
Strontium also shows a tendency to accumulate in younger rocks, whereas the older rocks seem to 
be meher in yttrium (Rankama, sed, 1946, 137 Another source of error affecting results in the 
oppostte direction has to be sought in the possibility of losses of the relevant elements either 
through leaching or through the diffusion of a gaseous end-product (helium) or a gaseous link ina 
a racioactive series. This applies principally to the uranium, and to a lesser degree to the thorium 
radioactive series. Ldépez de Azcona (Anal Soc. Fis. Quim., 1948, B, 6, 571) has studied in 
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detail this source of error and given a table of corrections to be applied for losses of radon 
through diffusion 

It is therefore important that the age determination of a rock should be made by several 
independent methods for comparison. Two such methods are at present available. First, there 
are the well-known “ helium “ and “ lead " methods, proposed by Strutt (Proc. Roy. Soc., 1008, 
A, 81, 272) and Boltwood (Amer. J]. Sci., 1907, 28, 77) and bised on the radioactive disinte- 
gration of uranium and thorium giving helium and lead as inactive end-products, and secondly, 
there is the new “ strontium " method worked out by Hahn and Walling (Z. anorg. Chem., 1938, 
236, 78) and based on the radioactive disintegration of the rubidium isotope "Rb into the 
inactive strontium isotope *’Sr 

A third possible method can be devised based upon the disintegration of the radioactive 
samarium isotope Sm, which gives the inactive neodymium isotope “*Nd with emission of an 
a-particle, as first suggested by Wahl (Geol. Rundschaw, 1942, 33, 550). Ordinary samarium 
contains 26°63°%, of “*Sm (Inghram, Hess, and Hayden, Physical Rev., 1948, 73, 180), and as the 
half-life of "Sm is 25 « 10" years, this gives an apparent half-life for ordinary samarium of 
94 x 10" years. Joly (J., 1924, 125, 905), investigating pleochroic haloes in the micas of 
Ytterby, found haloes which did not correspond to those of any known radioactive element. One 
sort, occurring very rarely and called by him hibernium haloes, had a radius of 0.00562 mm., 
corresponding to a range in air of 1-04 cm., which agrees well with the calculated range of 1:13 cm. 
for the a-particles of samarium in air (Haenny, Najar, and Gailloud, Helv. Physica Acta, 1949, 22, 
611). According to Roentgen-spectrographic determinations by Sabama and Vabatalo (Sahama, 
loc. cit., p. 39), igneous rocks contain 0°0001—0-0007% of Sm,O, and 00005 0°0036%, of Nd,O,, 
which indicates a considerable amount of non-radiogenic neodymium in rocks and would 
necessitate its isotopic analysis. Lépez de Azcona (Bol. Inst. geol. min. Espatta, 1941, 55, 277), 
working with arc excitation of samples of sulphates diluted with mercurnc oxide or with sodium 
chloride, found for the samarium line 3218°60 a. a sensitivity of 0°005% Sm, and for the neo- 
dymium line 4012-25 a. also a sensitivity of 0005% Nd. With spark excitation and concentrated 
solutions of the samples, the sensitivity could be increased, but would stil! be far from satisfactory 
For all those reasons the method is as yet unsuitable for determinations of age in rocks; it is 
however, being tested for such determinations in minerals 


EXPERIMENTAL 


In order to determine the suitability of the different radioactive methods for the purpose in view 
samples of igneous rock a different localities and of different age were chosen. It was also 
endeavoured to choose samples whose geological age was still controversial in order that the present 
paper might also be a contribution to the knowledge of the stratigraphical position of the investigated 
rocks. 

In view of the increased importance attributed to the trace elements in rocks, the determinations 
were not confined to elements necessary fo the age determination proper, but a number of other trace 
elements has also been determined. Complete analyses of the rocks are recorded in Tabie I. 


The elements common in silicates were determined according to Hillebrand (“ The Analysis of 
Silicate and Carbonate Rocks,’ Washington, 1919). 


Uranium was determined radiometrically by a standard emanation method; this did not allow of a 
greater precision than about + 10%, but as the precision for the other elements relevant for the age 
determination of rocks by the “ lead " method (thorium and lead) was also not high owing to their 
extremely small amounts, it was not deemed necessary to make the determinations of uranium with any 
greater precision. The emanation from a solution ofa 2-g. sample was allowed to accumulate for one 
month in a 100-m). flask, this was then connected with the ionization chamber, and the radon distributed 
evenly in the whole system by means of an atomizer. In order to minimize back-ground ionization, the 
measurements were made in a country house outside the town. The radon was allowed to come to 
equilibrium for 3 hours, and the rate of fall of the charged quartz fibres of a Wulf electrometer was read 
every § hour. From the values obtained the amount of radon in milimicrocuries was calculated by a 
modified formula (Schmidt, Physital. Z., 1905, 6, 561), viz 


Tan C X 1OO(l, + 1, + 1) i,\ 100 
Kn —- a (1+ Be?) 559 * 0-968 

In this expression, Ja. is the fall of the electric charge on the fibres due to the ionization by radon in 
volts per minute, C the capacitance of the ionization chamber with the electrometer (3.55 cm.), |, the 
volume of the solution of the sample (50 ml.) /, that of the air in the flask (50 ml.). /, the volume of air in the 
connections, etc. (300 ml.), /, that of air in the jonization chamber (1000 ml), iy the coeficient of distrn- 
bution of radon between air and water at the tem ture T, and a the amount of sample (2g.). From 
these data and the half-life of uranium, 451 * 10° years, and of radium, 1590 years, we obtain for the 
amount of uranium, inp.p.m.: U = Rn x 29-9. 


Zirconia, baryta, and the rare earths (containing thoria) were determined in a 2-g. according to 
Washington (“ The Chemical Analysis of Rock,”’ 4th edn., New York, 1930, p. 257). wium in the 
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ignited rare earths was separated as the oxynitrate, Th,O,,.N,O, which was dissolved and reprecipitated 
and finally ignited to ThO, the amount of which was subtracted from the weight of the rare earths 


Taste lI. 


(sneiss granite, pink, coarse-grained, from Forshem, near Kinnckulle, Sweden 

(nets gramte, pink, fine-grained, from same district 

(neiss granite. grey, fine-graimed, from same district 

(Green schist, fine-grained, from the Western part of Mt. Medvednica, near Zagreb, Croatia 
Green schist, Gne-grained, from the Eastern part of Mt Medvednica 

Granite, light-grey, fine-grained, from Mt. Bukulja, N.W. Sertua 

Granulte, almost white, with long conspicuous crystals of tourmaline, from same mountain 
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For the determination of trace metals in rocks the spectrographic method is usually employed 
gives excellent results with the alkali and the alkalime-earth metals, but is less sensitive for heavy 
Lead, for instance an be determined spectrographically only in amounts greater than 0-001, whi 
onmsiderably higher than the average lead content of the rocks. For this reason the author used a 
polarograg hic method that has proved very satisfactory in the determination of traces of heavy metals 
i” muneral waters (Mihol’, Rad Acad. Sea Zagred, 1045, 278, 105 A WO-g. sample of the finely ground 
rock was decomposed with hydrofluorte: and nitric acid, the solution evaporated to dryness, and the 
residue taken up with water and acidified with nitric acid, the heavy metals were precipitated with 
hydrogen sulphide, and the precipitate, after removal of tin as thiostannate, was dissolved in nitric acid 
excess of ackd removed by evaporation to dryness, and copper, lead, and cadmium determined polaro 
graphically in a O-3u-solution of sodium potassium tartrate From the filtrate of the hydrogen sulphide 
precipitate, tron, alumimum, and titanium were removed by the basic carbonate method, and zinc and 
manganese deposited by ammonium sulphide The deposit was dissolved im hydrochloric acid, 
evaporated to dryness, taken up with 5 mil. of water and 5 mi. of a saturated solution of potassium 
chieride, and polarographed for zinc and manganese. Details of the polarographic procedure for the 
determination of trace metals have been published elsewhere (Miholid, Mihvochem., in the press) 

The solution containing the thiostannate was acidified with acetic acid and filtered hot through a 
porcelain filter crucible) The precipitate was dissolved in a 50% solution of potassium hydroxide and 
midized with hydrogen peroxide nitr acted was added to a slight acid reaction, the solution heated for 
3 hours on a water-bath, and the precipitate filtered off, ignited, and weighed as SaO, 


Rubidiam and strontium were determined spectrographically in 2-g. samples of rock which had been 
decomposed by hydrofluer« and mitri acid. The final volume of the solution was 10 ml. The elements 
were determined with a Zeiss Universal Quartz Spectrograph using 8000-volt ac. The distance of the 
electrodes (high-purity carbon rods 50 mm. long and 3 mm. in diameter) was 3 mm. After a pre- 
sparking of ome minute, the sample (0-3 mil. of the solution) was placed on the lower electrode provided 
with a bored recess, and then the spark was continued for a further minute during which the exposure 
was made. The sample was photographed on the same plate with pga of standards made by 
ve) 1000 and 5000-fold dilution of a standard solution containing 2-823 g. of rubidium chloride and 
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0-01449 g. of strontium nitrate dissolved in 10 ml. of water. This ratio between rubidium and strontium 
(1 : 0-003) corresponds to the age of 1000 million years (cf. Ahrens, Trans. Geol. Soe. S. Africa, 1947, 50, 
23). The spectra were recorded on Foma Gradual plates which were deve in quinol developer for 
4 minutes at 20°. A Zeiss non-recording microphotometer, the full scale deflection of which is 50 cm., 
was used for the evaluation of line intensities. The slit im the photometer was arranged so that an 
unexposed = of the photographic plate gave a deflection on the scale of 250 (d,). The plate was then 
moved slowly in a horizontal direction and when the spectral line passed the slit the minimum deflection 
(d) was . The difference (4, — @) was taken as a measure of the blackening of the plate 

For the determination of rubidium the line at 4201-85 a., and for strontium that at 4077-71 4.. was 
used. As both lines are within a cy: band, the head of which is at 4216 a., interference from that 
band was to be expected Potassiom chloride was therefore added to both sample and standards so that 
the solution contained 1% of KCl. With this the cyanogen emission was effectively quenched and satis 
factory measurements could be made even on faint lines 

For every element to be determined the values (4, — 4) were plotted logarithmically as abscisse on a 
graph The ordinates represented the concentrations of the three standard solutions also on a logarithmic 
scale, and a straight line was obtained on the graph from which the concentration of the unknown was 
read 

The analytical results are summarized in Table I. 

From the data for uranium, thorium, and lead in Table I the relations U/(U + Th) and Pb,(U + Th) 
were calculated, and from the values obtained the ag age according to the " lead " method was 
read from Wickman'’s nomogram (Sveriges geal. Unders., 1044, C, 468). The results are given in 
Table Il, which shows also the ratio Rb/Sr the geological age according to the “ strontium “ method 
calculated from T « (In N,/(N, — 1))/A. where N, ts the amount of rubidium at 7 0, and N, — | its 
amount at the time 7, the amount of strontium formed during that time by the radioactive disintegration 
of rubidium being taken as unity 

Taster Il, 

Geological age (10* yrs) according to 

"aU + Th Pb (Ul + Th Rb Sr ‘jead " method “ strontiam “ method 
0-0228 0-694 169 1420 1570 
0-193 O-O886 16s 1325 1570 
O195 00860 171 12% i570 
0300 0-0380 a0 7 1010 
00-0616 O-O384 282 ™ 1010 
00341 06-0219 wen (430) 185 
o2oe2 © -ONes oe (islO) tas 


Discussion. 


Except for the granite, and particularly for the granulite of Mt. Bukulja, both of which 
obviously contain non-radiogenic lead, the age determination by the “lead "’ and by the 
strontium © method agree fairly well in view of the sources of error inseparable from this kind 
of determination. The absolute geological age (in millions of years) can be correlated as follows 
with the relative age of geological formations: Early Pre-Cambrian 3350-1500, Middle Pre- 
Cambnan 1500-1000, Late Pre-Cambrian 1000-500, Silurian 500—310, Devonian, 310-—280, 
Carboniferous 280-—220, Permian 220-—190, Triassic 190-150, Jurassic 150-—110, Cretaceous 
110-70, Tertiary 70—1, Quaternary 1-0 

The relative age of the Swedish gneiss granites has been estimated very differently by various 
geologists. Some (Térnebohm, Sederholm, Eskola) consider them to be older than the Leptite 
formation or even a remnant of the primary earth's crust; others (Hégbom, De Geer, Holmquist) 
place them in the Middle Pre-Cambrian, or consider them of Late Pre-Cambrian age (Nathorst) 
The above determinations establish them as belonging to the Middle Pre-Cambrian 

The green schists of Mt. Medvednica occupy a key position im the stratigraphy of N.W 
Croatia and have been generally considered (Foetterle, Pilar, Gorjanovic) to be of Silurian age 
Only Kidpatié believed them to be Late Pre-Cambrian. His opinion has now been confirmed by 
the determination of their absolute age. 

The granite intrusion of Mt. Bukulja in N.W. Serbia has been classified as Cretaceous by 
Kossmat and as Cretaceous or Older Tertiary by Pilger. Zujovid (Ann. geol. Pémn. balc., 1924, 
7, Annexe, p. 9), however, considered it as Carboniferous. The values for the absolute geological 
age obtained by the “ strontium "' method are nearer to his estimate than to those of the other 
geologists. 

I thank Professor &. Premeru for kind! ing at my ds the tre of the ment 
of Forensic Medicine of the Medical won A susirm Soa Caicht part of this ss sycolir afte tee 
carried out, and also Dr. K. Weber for generous help in making the spectrograms. 


Tae Unrversirry, Zacrer (Croatia). (Received, July 28th, 1950.) 
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667. Monolayer Properties of Elaidyl Alcohol. 
By J. Grazer and E. D. Gopparp 


A series of compression isotherms has been obtained for elaidyl alcohol. At room 
temperature. the alcohol gives a hquid expanded monolayer, exhibiting @ transition to the 
cuntaaned state. An attempt has been made to measure the energy change involved in the 
transition 


Tue introduction of a double bond into a long-chain amphipathic molecule results in markedly 
more expanded films at the air-water interface (Adam, Proc. Roy. Soc, 1922, A, 101, 516; 
Marsden and Rideal, /., 1938, 1163 When the unsaturated substance has the cis-configuration, 
it is clear that steric factors reduce the intermolecular cohesion of the hydrocarbon long chains 
For the trens-configuration, however, the reason is not so obviews. Adam (loc. cit) has ascribed 
the expansion to the hydrophilic nature of the double bond, but Marsden and Rideal (loc. cit.) 
consider this factor insufficient to account fully for the observed expansion The latter view is 
also held by Schneider, Holman, and Burr (/. Phys. Coll. Chem., 1949, 53, 1016) 

In connection with other work, it became necessary to obtain the force-area (*-—A) curve of 
elaidy! alcohol (#ans-CHy(CH,),CHICH-(CH,),CH,OH). The result obtained differed 
considerably from that of Marsden and Rideal, in that the isotherm was of the liquid expanded 
type exhibiting a transition region into the condensed form. Since elaidy! alcoho! is the only 
trans-ansaturated alcohol of which the =-4 curve is known, the present results were deemed 
worthy of record 


The surface balance was of the Langmuir-Adam type, as modified by Alexander (Nature, 1047, 150. 
ws Compression curves were recorded automatically by a revolving drum and pen recorder The 
film was compressed at a constant rate, by a movable barrier coupled to a piston immersed in a cylinder 
of oil The balance was enclosed in a box and kept at constant temperature (4 0-1°) by circulating 
water. The rate of compression did not affect the shape of the w-A curve. Details of the automat 
surface balance will be described elsewhere Surface potential measurements were obtained with a 
manually operated balance, a polonium air electrode being used 


Pure elaidy! aleohol (m. p. 34°) was provided by Professor T. P. Hilditch, to whom our thanks are duc 
It was spread from an ethanol-benzene mixture by means of an Agla micro-syringe 


Results and Discussion —-Fig. | shows a series of x-A isotherms for elaidy! alcohol spread on 
distilled water. It was not practicable to work below 2:9 Above 12°, the monolayer was of 
the liquid expanded type, exhibiting a transition into the condensed region. The present 
technique could not detect any temperature effect on the «-A curve of the liquid expanded 
region between 123° and 252 Above 25° this region showed a slight expansion. The 
monolayer was fluid at all areas down to the collapse (21.4%). Further compression resulted in 
a marked drop in film fluidity At temperatures below 40° the film solidified at ca. 1644 
above this temperature the film remained fluid. The «-A curve was completely reversible 
even past the collapse area) over the whole temperature range investigated) We note that the 

critical temperature of crystallization “ (Dervichian, ]. Chem. Physics, 1939, 7, 931) is between 
27:3" and 36:4", in which range lies the three-dimensional m. p. (34") 

Compression of the monolayer over the liquid expanded region resulted in a gradual drop in 
s, the surface moment, which then remained constant (200 milli-Debves) over the transition 
region No fluctuations greater than 6 mv. in the surface potential were observed over this 
region 

Marsden and Kideal have stated that elaidy! alcohol gives a condensed type of monolayer at 
2 The present work shows, however, that at this temperature, elaidy! alcohol forms a 
liquid expanded film (limiting area =~ 484%), with a transition into the condensed form at 
ns & dynesicm (325a* The m p. of the previous workers’ sample was 10° lower than 
that of the present sample, which had a value conforming with that in the literature. It is 
clear, therefore, that the difference in monolayer behaviour arises out of the impurity of the 
previous specimen. frans-Unsaturation thus has a greater expanding effect on a long-chain 
aleohol than has hitherto been thought It seems that, in spite of the similarity between a 
frans-unsaturated configuration and a saturated one, this expansion is caused to an appreciable 
extent by difficulties in adlineation of the unsaturated chains. Stenhagen (private 
communication), for example, has found octadec-17-enoic and octadec-17-ynoic acid to give 
completely condensed monolayers, whereas if the hydrophilic nature of the unsaturated bond 
were responsible for expansion one would have expected these two compounds to give highly 
expanded films . 
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The series of isotherms (Fig. 1) is of the same type as first obtained by Adam and Jessop 
(Proc. Roy. Soc., A, 1926, 112, 362) for myristic acid. The half-expansion temperature (7,) 
is seen to be < 10°; this value may be compared with an estimated 7, — 74° for the saturated 
C,, alcohol. The troduction of #ans-unsaturation into the long-chain alcohol thus results in 
a fall of >64° in 7, (cf. the analogous fall for a C,, acid of ca. 46°; Adam, “ The Physics and 
Chemistry of Surfaces,’ London, 1941) and is a reflection of a reduction in intermolecular cohesion 
caused by the double bond 

Fie. 1. 
+A and p-A Isotherms for eaidyl alcohol, spread om distilled water. Inset: ep. temp. relationship. 
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The liquid expanded region obeys Langmuir’s equation (/. Chem. Physics, 1933, 1, 756), viz., 
(x m) (A — A), = kT, where x, is the negative spreading pressure of the hydrocarbon chains 
and A, is an empirical constant related to the cross-sectional area of the molecule, The 
following values are obtained : A, = 103.44, x, = —100dynes/cm. The former value is jess 
than the value (15°76 a.*) obtained by Marsden and Rideal for the cis-aleohol (oley! alcohol), a 
result which is undoubtedly connected with the greater cohesion allowed by the frans- 
configuration; this phenomenon is also observed with long-chain unsaturated acids (Marsden 
and Rideal). We note that, in general, alcohols have lower A, values than the corresponding 
acids, and that the 7, values of alcohols are higher than those of corresponding acids, which 
suggests that the alcohol head group exhibits greater intermolecular cohesion than that of the 
acid. 

The nature of the transition of a monolayer from the liquid expanded state to the condensed 
has been discussed by several authors (Gregg, “ Surface Chemistry,” Butterworth, London, 
1949 ; Dervichian, loc. cit.; Harkins, Boyd, and Young, /. Chem. Physics, 1940, 8, 954; Langmuir, 
loc. cit.). It is clear that the transformation is not one of “ first order" (Ehrenfest, Proc. K. 
Akad, Amsterdam, 1933, 36, 115); it is equally clear from the sudden discontinuities (¢,., 
36°0 a.* at 17°5°) in the «A curves that the transformation is not one of “ diffuse first order’ 
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(Mayer and Streeter, /. Chem. Physics, 1939, 7, 1017; Gregg, loc. cit.). The compressibility, 
K = (dA /de)/4, is plotted as a function of the monolayer pressure in Fig. 2 (17°5"), and 
comparison with similar plots for transitions of different orders shows that the above 
transformation is intermediate between first order and diffuse first order; certainly it 1s not of 
a higher order. This being so, the possibility of obtaining a latent heat of transformation 
becomes of interest. The application of a two-dimensional Clausius-Clapeyron equation, 
Otis AT = AH/TAA (Glazer and Alexander, Trans. Faraday Soc., in the press), where tusa 
is the transition pressure, AA is the difference in molar area of the two phases, and AH ts the 
latent heat of transformation, is not strictly valid since the pressure is not constant over the 
transition region. We feel, nevertheless, that some indication of the magnitude of the latent 


Fis. 2. 


Lower curve: C essibslsty—pressure diagram at 175° for the tramsstion liquid expanded to 
condensed. Upper curve: Nelationship between AH and a... for the transition 
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beat can be obtained by such an application 


It would seem from the compressibility diagram 
lower curve, Fig. 2 


that the departure from first-order behaviour is probably not as serious as 
appears from the variation of the pressure over the transition region. This increase in pressure 
corresponds to an increase in the surface Gibbs free energy (AG = [a dx). Calculation shows 
that this free-energy increase is only ca. 100 cals. mole ™ 

The AM values have been obtained by considering the condensed form of the monolayer to 
be linear and having a limiting area of 30, (broken line in Fig. 1). Although it was not 
possible to reduce the temperature sufficiently to obtain the completely condensed form, the 
general tendency is clear from the figure. A plot of =,,,, (pressure at the kink point) against 
temperature is shown in Fig. 1 (inset AH values were obtained by measuring the slope 
Attirens AT along the curve. Fig 2 (upper curve) shows a plot of AM against x,,,,. Since 
AH = AE + 2. AA (AE is the change in internal energy for the transition), extrapolation to 
zero pressure gives AE = 5000 cals./mole. Application of the Langmuir equation, log 
(erces T.) ri B,/T, leads to a value 9700 cals. /mole for the “ latent beat of micelle 
formation A knowledge of the extent to which the double bond contributes to AE must 
await a similar study of the compression isotherms of the corresponding saturated alcohol 

We are indebted to Dr } H. Schulman, O BLE 


for helpful discussions, and to the Elsie Ballot Trust 
for a scholarship which ena 


led one of us (E. D. G.) to take part in the investigation 
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668. Pyrazine Derivatives. Part XII. Synthesis of Homologues 
of Aspergillic Acid. 
By D. W. C. Ramsay and F. S. Spainc 


Condensation of the bisulphite derivative of pyruvohydroxamic acid (VI) with amino 

acetone gives | . 2-dihydro-I-hydroxy-2-keto-3 Seicesthyipyresine (VII) im good yield 

The Schiff's base method for the synthesis of pyrazine cyclic hydroxamic acids (see Part XI. 
-., 1949, 2707) has been extended to the preparation of 3 : 6diethvl-i : 2-dihydro-l-hydroxy- 
-ketopyrazine (IX). 


Tue only method available for the synthesis of a 3 : 6-disubstituted pyrazine hydroxamic acid 
involves the condensation of an a-amino-hydroxamic acid with 2-bromocinnamaldehyde to 
vield the Schiff's base (I) which is then treated with an alkali-metal alkoxide to yield the 
required hydroxamic acid (II) (Dunn, Elvidge, Newbold, Ramsay, Spring, and Sweeny, /., 
1949, 2707). The method has limitations, the most serious of which is the difficulty encountered 
in the ring closure (I——»> II). For the Schiff's base (1; RK =< H) derived from glycine 

N 

R-HC CH 
oc ¢Br=CHPh y/ 
(1) 5 (IL) 

NH-OH Ou 
hydroxamic acid, refluxing with ethanolic sodium ethoxide sufficed to effect ring closure, 
6-benzyl-1 : 2-dihydro-l-hydroxy-2-ketopyrazine (11; R « H) being isolated in 40% yield 
The corresponding Schiff's base from a-amino-n-butyrohydroxamic acid (I; R = Et) could 
not be cyclised by sodium ethoxide, whilst with potassium fert.-butoxide in boiling fert.-buty! 
alcohol the cyclic hydroxamic acid (II; R = Et) was obtained in only 5% yield; many variations 
in reaction conditions did not improve this yield 


+ tho 


(IV.) 
Ou 
A new synthesis of a 3: 6-disubstituted pyrazine cyclic hydroxamic acid was therefore 
sought. The condensation of an a-amino-hydroxamic acid (III) with an a-keto-aldehyde 
has been shown to proceed smoothly to give a 3: 5-disubstituted pyrazine cyclic hydroxamic 
acid (IV) exclusively, and not the 3: 6-isomeride (Part XI, Joc. cit.). A preliminary study of 
the condensation of an a-keto-hydroxamic acid (VI) and an a-amino-ketone is now described 
Treatment of pyruvohydroxamy! chloride (V) (Ponzio and Charrier, Gazzetta, 1907, 87, II, 


NHs N 
MeCO<IN-OH MeCO cH, 
—> oO 
éi 0 OMe / ” 
NH-OH OH 
(v.) (VI) (vu 


65) with sodium hydrogen sulphite gives the bisulphite derivative of pyruvohydroxamic acid 
(Gastaldi, sbid., 1923, 53, 635). Condensation of the crude bisulphite derivative of pyruvo 
hydroxamic acid with aminoacetone gave, in early experiments, 2-hydroxy-3 : 6-dimethy!- 
pyrazine in small yield; the mother-liquors from this yielded an impure solid which unlike 
2-hydroxy-3 : 6-dimethylpyrazine gave a strong ferric test, but a homogeneous product could 
not be isolated. The formation of a hydroxypyrazine rather than a cyclic hydroxamic acid 
is to be attributed to the reducing action of the excess of sodium hydrogen sulphite in the 
crude bisulphite derivative employed. Repetition of the experiment, using the bisulphite 
derivative of pyruvohydroxamic acid freed from sodium hyd sulphite by repeated pre- 
cipitation of the latter from an aqueous solution of the crude bilulphite derivative by means 
of ethanol, gave in good yield the required cyclic hydroxamic acid, | : 2-dihydro-l-hydroxy- 
2-keto-3 : 6-dimethylpyrazine (VII). The hydroxamic acid, which gives a deep red colour 
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with aqueous ferric chloride solution and dissolves with effervescence in sodium hydrogen 
carbonate solution, was characterised by its ultra-violet absorption spectrum which is very 
similar to that of aspergillic acid, by its reduction with hydrazine to 2-hydroxy-3 : 6-dimethyl- 
pyrazine, and by the formation of a crystalline copper salt 

pa / 

Eenc CH Pv 
CO CBr=CH-CH, \e 
(Vit) ; (TX.) 
NH-OH Ou 


A turther development of the Schiff's base method for the synthesis of 3 : 6-disubstituted 
pyrazine cyclic hydroxamic aculs is now reported. The two acids previously synthesised 
by this method were derived from Schiff's bases trom 2-emimo-hydroxamic acids and «-bromo- 
cinnamaldehyde and consequently contained a benzyl substituent. The method has now 
been successfully used for the synthesis of a hydroxamic acid in which both substituents are 
aliphatic. Condensation of a-amino-w-butyrohydroxamic acid with a-bromocrotonaldehyde 
yielded a-(2-bromocrotonylideneamino)-»-butyrohydroxamic acid (VIII) which when treated 
with potassium fert.-butoxide in fert.-butyl alcohol gave, in low yield, 3 : 6-diethyl-1 : 2-dihydro 
l-hydroxy-2-ketopyrazine (IX) 


EXPERIMENTAL 


Pyrwvohydrosamyl Chlonde—This was prepared by the method of Ponzio and Charrier (loc. cit 
After repeated crystallisation from benzene, it separated as small _o m. p. 112—113° (Ponzio and 
Charrier give m. p. 107°) (Found: N, 11-6. Cale. for C,H NG 11-56%). The 2 : 4-demstrophenyi- 
hydrasone separates from benzene in ~~, A m. p. 212° (Found , 35-9; H, 27; N, 23-5. 
C,H,O,N Cl requires C, 36-5, H, 27; N 


2-Hydrosy 3 6 dimethylpyrarzine Py senhenieailaiaal chloride (12 g.) was treated with a solution 
of sodium metabisulphite (28 g.) in water (48 ¢.c.) saturated with ese Lieniph diomide. After 12 hours, 
methanol (500 «.c_) was added and the mixture cooled to 0°. The crade co d of pyruvo- 
hydroxamic acid (9 g.) was collected and washed with ethanol. A solution of the bisulphite compound 
(9 g.) in water (0 cc.) was treated with amimoacetone hydrochloride (4 g.) and sodium acetate (3 « 
in acetic acid (Wec.; 25% The solution was heated at 50° for 6 hours and then kept at room tem 
perature overnight. The mixture was evaporated to dryness under reduced pressure, and the residue 
extracted with hot chloroform (5 «x 3) c.c.}. The dried (Na,SO,) extract was evaporated and the 
reskive sublimed at 130°/10°% mm. The sublimate (200 mg.) was crystallised from acetone and finally 
from benzene-light petroleum (b. p. 60-80 to give 2-hydroxy-3 : 6-dimethylpyrazine as felted 
needies, m. p. 208..210°, undepressed when mixed with a specimen prepared from 2-amino-3 : 6- 
dimethylpyrazine (Baxter, Newbold, and Spring, /., 1947, 370) (Found: C, 58-3; H, 60. Calc. for 
C,H,ON, C, 681, H, 645%). Evaporation of the acetone mother-liquors to dryness yielded a solid 
which with aqueous ferric chloride solution gave an intense red colour, crystallisation failed to give a 
homogeneous product 

1 . 2. Dihydro-|-Aydrory-2-Aeto-3 | 6-dimethyipyrasine.Pyruvohydroxamy! chloride (15 g.) was 
treated with a solution of sodium metabisulphite (35 g.) in water (60 c.c.) saturated with sulphur dioxide 
After 16 hours, methanol (500 ¢.c.) was ed and the mixture kept at 0° overnight © separated 
solid (19 ¢.) was collected, dissolved in water (100 ¢.c.), and treated with ethanol (80 c.c.). After 
12 hours at 0", the precipitated sodiam hydrogen re (5 g.) was removed and the filtrate diluted 
with an equal volume of ethanol. A further period of cooling precipitated more sodium hydrogen 
sulphite, the dilution process was repeated until the precipitate gave a positive ferric test. The mixture 
was then evaporated to dryness under reduced pressure and gave the bisulphite compound of pyruvo 
hydroxamic acid (10 ¢.. mj 300°) as a pale yellow amorphous powder 





The purified any hite compound (10 g.) in water (30 c.c.) was treated with aminoacetone hydro- 
chloride (4 g.) and sodiom acetate (3 g.) in acetic acid (20 cx 50%), and the mixture kept at 60—70° 
for 11 howrs. The mixture was filtered and the filtrate kept overnight at room temperature. The 
voparated solid (075 ¢.) m. p. 180-185") was combined with a second crop (0-75 g.) which separated 
on concentration of the mother-liquor and sublimed at 100°/10* mm. The sublimate was crystallised 
from acetone, to give the monohydrate of |: 2-dihydro-l-Aydroxy-2-heto-3 : 6-dimethylpyrarine as 
yellow prisms. m. p. 104-195" (sintering at 160°) (Found: C, 45-6; H, 63; N, 17-7. C,H,ON 
requires C, 45-6; H. 64; N, 17-7%, After drying over phosphoric = at 20°/10* mm., bets 
hours, the water of crystallisation was removed (Found: N, 20-1. C,H,O,N, requires N, 200%). 
The acid is soluble in sodiam hydrogen carbonate solution with e@lervescence, and gives a red 
colour with aqueous ferric chloride solution Light absorption inethanol : Maxima at 2340 a..¢ = 8100, 
and at 3265 4.,¢ ~ 7000 


A solution of the acid (100 mg.) in water (10 ¢.c.) was treated with a slight excess of ~y saturated 
ey oF acetate solution. The precipitate (70 mg.) was crystallised from —. my ive t ON 

ight + a ty eg plates, m. p. 280° (decomp.) (Found: C, 41-7; , cue as 

22; H 41% 

2-Hydrosy-3 : 6-dimethylpyrarine.—A solution of 1° 2-dihydro-l-hydroxy-2-keto-3 : 6-dimethy!- 
pyrazine (170 mg.) in methanol (15 ¢.c.) was heated with hydrazine hydrate (0-5 g.; 90%) at 180° for 


requires 
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4 hours. The residue obtained after removal of the methanol under reduced 

ferric test. Seepetien, of Se soctees at hah followed by crystallaation, 

from 6080"), gave 2-hydroxy-3 yipyrazine , 

— = > HO" uleprseed when we ly mp hy RG yh eh ~ pe 7 Ag 
eg el ger loc. eit.) (Found Cc, 6e1 62. Cale. for C,H,ON, 

C, 1 6-454,). Light shemptuen & Maxima at 2260 «., ¢ = 8350, and at 3210 a., 





-ecaenneaneas Acid. —e-Amino-»-butyrohydroxamic acid (Duna, 
loc. ett.) (6 g.) was heated under reflux with 2-bromocroton- 
aldehyde 0 &. eee in ethanol (300 c.c until bn. was complete (30 wuld at The product | 7 «.) 
ee ee , was = a ethanol, to men 
hyde acid tcanapareat pate 135—137° (decomp.) (Found: C, 385; 
arr 50; N, li. " CyH,,0,N, Br ‘queen t. M53. » 11-24). 

3 6 Diethyl 1 : 2-dshydro-l-hydromy-2-Aetopyrasume. A hot solution of a-(2-bromocrotonylidene- 
epee ny et yery acid (12 g.) in dry éert.-buty! alcohol (300 cc ra = treated with the solution 
from potassium (1-9 g.) and dry éert.-buty/i alcohol (50 c.c.) and refluxed for 8 hours. Potassium bromide 
(1-8 g.) was remo and the filtered solution concentrated under reduced pressure to 100 cc. The 
po yy pee lard tae mnt yey tye yee ee The crystalline 
solid (6-0 g.) was filtered off ; —— to . @(2-bromocrotonylideneamino) -#- but yrohydroxaaic acid, 
m. p. and mixed m 135—137 The filtrate was evaporated under reduced pressure and 
the residue extracted with boiling othe x 200 c.c.). The dried (Na,SO,) extract was concentrated 
to 100 c.c., and a second crop of 2 (2. rotonylideneamino)-»-butyrohydroxamic acid (10 g.) 
removed. The filtrate was extracted with sodium hydrogen carbonate solution, and the extract 
acidified to pH 4 with dilute hydrochloric aci The solution was extracted with ether (5 x 50 c.c.), 
the dried (Na,SO,) extract evaporated, and the residue dissolved in a minimum volume of warm water. 
Treatment of the hot solution with an excess of saturated copper acetate solution gave a solid precipitate 
(210 mg.) which was collected and crystallised from dioxan, to yield the copper salt of 3: 6-diethyl- 
1 : 2-dihydro-1-hydroxy-2- yrazine as transparent light-green plates, m. p. 237239" (decomp ) 
(Found: C, 48-5; H, 56; N, 144. Ca(C,H,,O.N,), requires C, 48-3; H, 56-6; N, 141%) 


A solution of the copper salt (200 mg.) in dioxan (20 c.c.) and water (50 c.c.) was treated with 
hydrogen suiphide. The mixture wasevaporated to dryness and the residue extracted with hot ethanol. 
The filtered (Hiflo) extract was evaporated A. and the residue sublimed at 70°/10°* omm. 
Crystallisation of the sublimate from acetone | 6 -dsethyi-1 2-dthydro-|-hydroxy-2-hebopyrazme ay 
rosettes of pale yellow needles (25 mg). A F sublimation at “10° , it had m. p. 06-87" 
(Found: C, 565; H, 7-3; N, 16-6. C,H,,O,N, requires C, 57-1; H, 7-2; N, 167%). The acid is 
soluble with effervescence in sod:um hydrogen carbonate solution, and gives an > tanenet red colour with 
pa ferric chloride solution. Light  Gxonaptlen in ethanol: Maxima at 2335 a., ¢ = 9250, and 
3 A. © = 7860 
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669. The Action of lonizing Radiations and of Radiomimetic Substances 
on Deoxyribonucleic Acid. Part I. The Action of Some Compounds 
of the “ Mustard” Type. 


By J. A. V. Burier and K. A. Surrn 


In the presence of di-(2-chloroethy!) sulphide ( mustard gas "’) and of di-(2-chlorvethy!)- 
methylamine (1), deoxyribonncleic acid solutions, buffered at all pHs above 4, are degraded 
They lose both their intrinsic viscosity and the additional apparent viscosity which us observed 
at low rates of flow. It is suggested that this action is related to the nucleotoxic effects of these 
and similar substances. 2-Chlorvethyldimethylamine does not degrade the nucleic acid, but the 
qnaiegous sulphur compound, 2-chloroethyl ethyl sulphide, does. Experiments with partly 
hydrotyzed (I) indicate that the molec ular Species w ich reacts with the nocieic acid is the 
same as that winch combines with sod bphate 





It has been found that “ mustard gas” [di-(2-chioroethyl) sulphide) and the analogous 
“ nitrogen mustards,” such as di-(2-chloroethyl)methylamine, produce biological effects 
similar to those produced by the action of X-rays and ultra-violet radiations on living tissues 
(see review by Boyland, Ann. Review Biochem., 1949, 18, 217). Among the effects which have 
been established with various compounds of this type are interference with mitosis and breakage 
of chromosomes (Darlington and Koller, Heredity, 1947, 1, 187), induction of mutations 
(Auerbach, Robson, and Carr, Science, 1947, 106, 243), and carcinogenesis (Boyland ¢ ai, 
Bris. J]. Cancer, 1948, 2, 17). 

The action of X-rays and similar radiations on tissues and on isolated substances such as 
enzymes has been very extensively studied (see review by Dainton, Ann. Reports, 1948, 46, 5. 
Dale, Gray, and Meredith, Phil. Trans., 1049, 242, 33) and it has been established that the 
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action is mainly indirect, being due to the primary products of the action of the radiations, 
¢g., free hydrogen atoms and hydroxyl radicals, which then react chemically with the sub- 
stances present in the solution, and im vivo with the constituents of the living cells 
It appeared to us that the origin of the effects on reproductive processes in vivo might be 
sought in the first place by examining the action of the substances, as well as of the radiations 
on deoxyribonucleic acid, the characteristic nucleic acid of the nucleus and an important 
constituent of chromosomes. Some studies of this kind have already been made. Taylor, 
Greenstein, and Hollaender (Cold Spring Harbor Symp., 1947, 12, 237; Arch. Biochem., 1948 
16, 19) found thymus nucleic acid, a deoxypentose nucleic acid, to be degraded by X-rays 
The structural viscosity (i, the abnormally large component of the viscosity appearing at 
low rates of shear) is lost, the intrinsic viscosity at high rates of shear is diminished, and the 
loss of viscosity is accompanied by the loss of 
Fis. | the original streaming birefringence. There is 
"eaey aoe © 1%, [Payemes — my ® also a considerable change in the character and 
gre ne fantomate a various HES +e seed of sedimentation in the ultra-centrifuge 
a 4 a a © These workers also found that much of the 
change of viscosity occurred as a slow change 
continuing for some time after irradiation 
a The action of some “ nitrogen mustards ~ 
on deoxyribonucleic acid has been studied by 
Chanutin and Gjessing (Cancer Research, 1946, 
6, 593). Although they observed a decrease in 
viscosity in the presence of di-(2-chloroethy])- 
methylamine and tri-(2-chloroethyljamine, their 
observations did not permit distinguishing the 
structura] component of the viscosity observable 
at low rates of shear; further, under their ex 
perimental conditions (¢.g., period of observation) 
yer. \ | the changes observed in the nucleic acid were 
| comparatively small 
In a study of the action of di-(2-chloroethyl) 
sulphide on deoxyribonucleic acid in 35°, 


r A adhe . aqueous alcohol, Elmore, Gulland, ef al. (Biochem 
wre ~ 
a : ]., 1948, 42, 308) isolated two products of which 
=e . | 
7 a 
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one gave more viscous solutions than the original 
nucleic acid 

68 hours tee We have examined the action of four com 
a eae ; ; pounds of the “ mustard” type on the nucleic 
. - acid in sodium hydrogen carbonate solution, and 
in the case of di-(2-chloroethy!l)methylamine in 
a variety of buffered solutions. Both di-(2- 
chloroethyl) sulphide and the typical “ nitrogen 
mustard "’ di-(2-chloroethyl)methylamine greatly 
2 mm of 4,0 diminish the structural and the intrinsic viscosi- 
ties, the final product being a Newtonian liquid 
with a viscosity not much exceeding that of water. 
Fig. 1 shows the viscosity curves determined at various times during the reaction of di-(2- 
chioroethy!) sulphide in 0 1n-sodium hydrogen carbonate. The substance was added, dis 
solved in a little alcohol. It was ascertained that the alcohol alone did not affect the viscosity 
appreciably The action of di-(2-chlorocethyl)methylamine is very similar. On the other 
hand, 2-chloroethyldimethylamine had no appreciable effect on the viscosity over a long period 
The analogous sulphur compound, 2-chioroethy! ethy! sulphide, was however about one-fifth 
as effective as di-(2-chloroethy!) sulphide. 2-Chloroethy! 2-hydroxyethyl sulphide was fairly 
effective as a degrading agent, but the substance used may have been contaminated with the 
dichioro-compound ; to account for the effect observed it would be necessary to assume that 

the sample used contained at least 20°, of the dichloro-compound. 

Fig. 2 shows the change of viscosity with time in a typicalinstance. Two curves are shown, 
representing the low- and the high-pressure viscosities respectively. For the former we have 
arbitrarily taken the viscosity at a pressure equivalent to a head of 60 mm. of water. The 
latter, at a pressure of 180 mm. of water, begins to approach the intrinsic viscosity of the 
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solution, and no great error is made in regarding it as such. The fact that the two curves 
coalesce after some time shows that the “ structural “ component of the viscosity is lost while 
the intrinsic viscosity continues to change. 


Fis. 2. 


Change of viscosities with time for 0-1% thymus aucleic acid in 0-lx-sodiwm hydrogen carbonate after 
addition of 0-004 g.-mol. of di-(2-chlorcethyl)methylamine per 1, as measured in the Frampton 
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Similar effects are observed in solutions buffered at pH's down to about 40. Above this 
the effect of pH on the rate of change of viscosity is evidently not very great, but it is not easy 
to deduce with any precision the effect of the pH alone. For example, in phosphate buffers 
the rate diminishes with increasing phosphate concentration owing, no doubt, to the competition 
of the phosphate ions for the reactant molecules. Very low buffer-ion concentrations are not 
desirable, as a fair concentration of buffer salts is necessary to prevent appreciable pH changes 
during the reaction. As an approximate measure of the reaction rate with nucleic acid we 
have taken the time required for the loss of half of the low-pressure viscosity. These reaction 
times for a variety of solutions are given in the Table; they represent only the approximate 
relative rates of the action for a given sample of the nucleic acid. We have mostly used two 
preparations of the nucleic acid, of which the second B was less highly polymerized than A, 
as shown by their viscosities. As might have been expected the initial rate of degradation 


Relatwe rates of degradation of deoxyribonuclew acd 
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of A was greater than that of B It appears then that the more highly polymerised acid is 
initially more rapidiy degraded, and this affects the times required for the loss of half the 
viscosity. Apart from this the general course of the reaction was similar in the two cases. 

It can be seen that under comparable conditions the rate is proportional to the concen- 
tration of the reagent. The time of half-change also appears to be independent of the con- 
centration of the nucleic acid within the rather narrow limits investigated. It is uncertain 
whether 2-chlorcethyidimethylamine reacts with nucleic acid or not, although it produces no 
change of viscosity. This cannot be readily discovered by analysis of the product. In order 
to see if its presence affected the behaviour of di-(2-chloroethy!)methvlamine, the effect of 
both together was examined The change of viscosity was considerably slower than that 
produced by the same concentration of di-(2-chloroethyl)methylamine alone. This might 
mean that the monochloro-compound, by combining with the nucleic acid at some reactive 
points, hindered attack by the dichloro-amine; but it is also possible that they react with 
each other It is well known (Hanby and Rydon, J, 1947, 513, 519) that di-(2-chloroethy!)- 
methylamine readily dimerizes; it also reacts with primary amines (Ross, /., 1949, 2824); 
so it may react with 2-chloroethyldimethylamine, which will then be a competitor of the 
nucleic acid 

It has been pointed out (Ogston ef al., Trans. Faraday Soc, 1948, 44, 45; Ross, ]., 1950, 
815) that sulphur compounds with an unattached electron pair react very readily with com- 
pounds of the type being considered. We found that in the presence of an equimolecular 
quantity of cysteine the change normally produced by di-(2-chloroethyl)methylamine is 
almost completely inhibited 

It has been suggested (Goldacre, Loveless, and Ross, Nature, 1949, 163, 667; Loveless and 
Revell, siid., p. 938) that the biological activity of the “ two-handed “ (dichloro) “ mustards ” 
is connected with their ability to form a cross-link between two elements of the chromosome 
threads, or possibly some other structures, in the mitotic cell. The observations described 
above give no support to this theory, unless the initial small rise of viscosity sometimes observed 
indicates an initial cross-linking reaction, which is followed by a breakdown of the cross-linked 
chains. The occurrence of cross-links, however, is supported by the observation of Elmore, 
Gulland, ¢ al. (loc. css.) that in their “ more viscous product two phosphoryl groups are 
blocked for each “ mustard "' molecule reacting. The conditions of their experiments (con- 
centrated solutions in 35%, alcohol) were, however, very different from those in ours. As 
cross-linking between two nucleic acid chams will occur more readily the closer together are 
the chains, t«., in solutions more concentrated with respect to nucleic acid, an attempt was 
made to produce more favourable conditions by adding more concentrated nucleic acid to a 
concentrated buffer solution containing the reagent. After a period in which the reaction 
was expected to be complete, the solution so obtained was diluted to the same concentration 
as in the previous experunents. No significant difference in the final viscosity was observed, 
even when the reaction began with the nucleic acid present in the solid state. In fact, the 
degradation occurred rather more rapidly in the concentrated solution, as might be expected 
from the increase of concentration of the reactants 

In practically every case the final result was a solution with relative viscosity between | 
and 2. The only exception was in the cxperiment in which the concentration of di-(2-chloro 
ethyl)methylamine was 00004m and the time of half-change was of the order of 80 hours; 
in this time the degradation had become very slow. With this exception, it appears that at 
the concentrations employed, there was sufficient reagent present to bring about a complete 
loss of the characteristic viscosity of the nucleic acid. It will be shown in later papers that 
the average molecular weight of the products is of the order of 10*. If the original molecular 
weight is taken to be of the order of 10*, the original molecular concentration in a 01% solution of 
the nucleic acid is of the order of 10-*u. and that in the final degraded solutions 10*m. It is obvi- 
ous that in the solutions used the concentrations of the reagents (10-*—10-*m.) are much greater 
than the number of fragments formed, so that there would appear to be sufficient reactant 
to produce a complete degradation even if a considerable number of molecules are required to 
produce each break of the nucleic acid molecule 


EXPERIMENTAL 


Preparation of the Sodium Salt Deoxrypentose Nuclese Acid The method described by Gulland, 
Jordan, and Threlfass for the isolation of the sodium salt of the deoxypentose nucleic acid of calf thymus 
was employed with a few minor modifications. Separation of the emulsion layer during the removal 
of the protein from the nucleo-protein by shaking with chloroform-amy!l alcohol was effected by centri- 
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fugation on an International Centrifuge at 2000 rpm. After §—® emulsiications no stable 
formed. The nucleic acid, after with alcohol as described by the above authors, 
itamoived in water to give a O20, wlation The tantly 
fugation at 30,000 r.p.m. in the c bow! of the 
munutes at 50,000 rpm. by using the preparative rotor tn Bape 
maternal which gave positive i su 
aqueous , 
dred trom the frozen state. _— 
phosphorus ratio was constant. Nitrogen was determined 
colorimetrically (Found, Prep. A: N, 13-6; P. 80, Prep. B: N, 15-2; 
P, 88%). 
Fis. 3. 


Lideration of Cl-. and sodum thiosulphate titre, of solutions of di-(2-chloroethy! methylamine in sodium 
hydrogen carbonate solutions. 
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A.—-Liberation of Cl- under conditions of prehydrolysis in N-sodium hydrogen carbonate (amine = 0-Ofm.). 
B.—Thiosulphate titre of the amine during prehydrolysis in w-sodium hydrogen carbonate (amine 


008M G—Thiosulphate titre of the amine (0-008m.) during hydrolyss im 0-lN-sodium hydrogen 
carbonate 


s~O—C Without nucleic acid — Kaw Ka KX I presence of mucleic acid. 

Viscomty Measurement. The viscosity was measured in viscometers of the Frampton type (/. Biol. 
Chem., 129, 233, 1939) consisting of two wide, cylindrical tubes of uniform bore, joined by a horizontal 
capillary. The times of flow between a series of marks at measured distances on one of the wide tubes 
were determined. If Af is the time of flow between two marks at which the distances between the 
meniscus levels in the two limbs are A, and Ay, the relative viscosity is proportional to y = As/log (A, /A,). 
The viscometer is calibrated with water, which gives a constant y, at all levels. The relative viscosity 
y/ye is plotted in Fig. | against the mean pressure difference at which the reading istakes. Aji measure- 
ments were at 25 


Action of Partly Hydrolysed Solutions of Di-(2-chlovoethyl)methylamine on the Nucleic Acid.-To get 
information about the course of the reaction, so far as it is affected by changes in the degree of hydrolysis 
of di-(2-chioroethy!) methylamine, we have examined the effect of sofutions of this amine ly bydrolysed 
in w-sodiom hydrogen carbonate before addition to the nucleic acid. Fig. 3 shows changes which 
eccur during the prehydrolysis. A represents the liberation of Ci-, and # the amount of sodium 
thiosulphate used in 10 minutes when added to the solution diluted to 0-In. with et to sodium 
hydrogen carbonate. It can be seen that the first chlorine atom is completely ionized in rn —45 minutes. 
while the second is liberated much more slowly. The thiosulphate titre, which may be taken to 

t the concentration of the reactive molecules, is a maximum near the beginning and decreases 

titre (curve C) in 0-In-sodrum 

hydrogen carbonate, with and without nucleic acid. This nucleic acid solution was that used in the 

viscosity ts. It can be seen that the presence of nucleic acid has very little effect on this 
titre, indicating that the nucleic acid is not directly involved in the rate-determining process. 

The of viscosity of a nucleic acid solution when di-(2-chi thy!) hyi pan 
he ean Uns bs eendcasteptenaen abdemates tounted Ge eae eas tie enleon te ln-NaHCO,) 
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are shown in Pig 4 as gum be ante Gant Sie tn Ont Sees So peckdntyee 2a8 wom Bete et ee 
the rate of loss of viscosity; but with longer prehydrolysis the reaction took on a t character, 
with a well-marked induction period. After about 16 hours’ prebydrolysis the solution lost the 
ability to bring about the change in viscosity 

Different behaviours in the imisieal stages of the reaction have been observed with different samples 
of nucleic acid. One sample (B), when treated in the usual way with di-(2-chlorcethy!)methylamine 
in O Lw-sodium hydrogen carbonate, exhibited a small initial rise of viscosity during the first hour, which 
then gave place to the usual loss of viscosity. When this sample was treated with partly hydrolysed 
solutions of the amine, the initial rise was greatly increased but the subsequent course of the reaction 


Fic. 4 


Action of 014% thymus muctetc acid solutions of di-(2-<hloroethyl)methylamine (0: 008m.) prehydrolysed 
for wartows times in N sodium hydrogen carbonate 
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Preaydrolysss tames ave marked om wndividwal curves > abscissa vefer to the degradation 
of the nucle, acid as measured by the percentage of the wmifial viscosity 


was not affected, the times required for the loss of the viscosity being about the same. The initial 
rise appears to be caused by the action on the nucleic acid of a product of hydrolysis of the amine 
This is confirmed by the fact that di-(2-hydroxyethyl)methylamine gave rise, with this nucleic acid 
(with O-I~-sodiam hydrogen carbonate), to a considerable increase in viscosity (50% in 6 hours). A 
smaller effect was observed with the other samples of nucleic acid employed. The most probable 
cause of the apparent induction period observed in Fig. 4 is that « uct of the hydrolysis of the 
amine, not necessarily the dihydroxy-amine. causes a slow increase in viscosity in the mitial stages of 
the reactions which is superimposed on the norma! decrease brought about by the reagent. The effect 
of this is not usually apparent with the —— decreasing viscosities produced by the dichloro-amine ; 
but when superimposed on the more slowly decreasing viscosities produced by the partly hydrolysed 
solutions, it may give rise to a stationary or in some Cases an increasing viscosity. 


The cause of the rise of viscosity produced by certain substances on some samples of nucleic acid 
requires further investigation. It may haps be caused by an adjustment of the state of the nucleic 
acid to the presence of a new solute, which interacts with it in some way. The main conclusions of 
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this paper as to the effect of the “ mustards on the nucleic acid depend on the complete loss of the 
characteristic viscous behaviour of the nucleic acid and are not affected by this phenomenon 


Discussion. 


It is difficult to deal with the kinetics of these effects with any preciseness, since it is not 
known what reactions underlie the observed changes of viscosity or how the viscosity is related 
to the state of the nucleic acid. The change of viscosity with time is often not far from linear 
over the greater part of its course, while the concentration of the reactive substance measured 
by the thiosulphate titre diminishes rapidly. Some rather general conciusions about the nature 
of the reaction can however be drawn 

The following scheme of the initial stages of the hydrolysis of di-(2-chloroethyl)methyl- 
amine has been established, in its essentials (Hanby and Rydon, J., 1947, 613, 519; Golambic, 
Fruton, and Bergmann, ]. Org. Chem., 1946, 2, 518 ef seg.; Stein, Moore, and Bergmann, ibid., 
p. 664; Ross, /., 1949, 183, 1077, 2589, 2624; 1950, 815; Bartlett, Ross, and Stein, /. Amer 
Chem. Soc., 1947, 64, 2071, 2977; 1949, 71, 1406, 1415; Cohen, Artsdalin, and Harris, ibid., 


CHyCHC! CHyCH 
Bias chy a 

\CHYCH,C! CHyCH,X 
1 ~& 
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CH CHL 


CHYN CHyN 
CH,-CH, 


(I1.) NCHYCH,-OH 


1948, 70, 281). In this, X~ represents an ion, such as that of nucleic acid, with which the 
substance reacts. It should be noted that various other possibilities such as dimerization 
reactions, reactions with the inorganic anions present, 

or multiple reactions with nucleic acid, may be com- Fis. 5. 

plicating factors. The actual reactive agent present Rate of change of viscosity, and thiosulphate 
is generally believed to be the carbonium jon (III), or titre, of the prehydrolysed solutions 
more stable forms such as the cyclic compound (II), or 5 
the equivalent open form, stabilized by resonance (cf 
Butler, Nature, 1960, 166, 18). 

The fact that the initial rate of degradation is 
practically independent of the amount of the first 
chlorine atom which has been ionized shows that both 
di-(2-chloroethyl)methylamine (I) and its first ioniz- 
ation product are equally effective. This will be so if 
hy >k,, hy >k,, and A, and &’, are of the same order 
of magnitude. The effect of the first ionization in 
these circumstances is to provide a supply of a e 
comparatively stable intermediate, such as (I1), from 0 ai , z ~ 
which the reactive agent (III) can be regenerated 0 Of 02 038 04 OS 
The rate of the reaction will be determined by the Na,S703 titre after the 
rate at which (III) is formed and will thus be deter- prehydrolys/s 
mined by &,{I) + &,{II) and will be independent of 
the degree of ionization so long as ({I} + [II)) is approximately constant and 4, = 4&’,. 

With longer periods of prehydrolysis the initial amount of (II) will gradually diminish and 
the rate of formation of (III) will be correspondingly ss. If the thiosulphate titre is taken 
as a measure of the amount of (II), the initial rate of loss of viscosity should be proportional! 





a 


of viscosity, 
per hour 











curve is not far from linear in those cases where it is uncomplicated, there will probably be no 
very great error in taking the rate of change of viscosity, when half the original viscosity has 
been lost, as representative of the true rate of change near the start of the action. This has 
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been done in Fig. 5, which shows that the rate of change of viscosity, as corrected in this way, 
is roughly proportional to the thiosulphate titre of the prehydrolysed solution. It is thus 
reasonable to conclude that the molecular species bringing about the change of viscosity of 
the nucleic acid is the same as that which reacts with thiosulphate 

Finally, these experiments do not indicate clearly if the chloro-alcohol (IV) is capable, 
after ionization, of degrading nucleic acid It is obvious that some chioro-alcohol must be 
present during all but the early stages of the reaction. On the other hand in the prehydrolysis 
experiments, complete loss of the atulity to degrade nucleic acid occurs while 30% of the second 
chiorine atom is still un-ionized. This however is not conclusive as this chlorine atom ionizes 
very slowly and is probably present in a dimeric product rather than in the simple chloro-ajcohoi. 
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670. The Action of lonizing Radiations and of Radiomimetic Substances 
om Deoxyribonucleic Acid. Part II, The Effect of Oxygen on the 
Degradation of the Nucleic Acid by X-Rays. 


By J. A. V. Burrer and B. E. Conway 


Degradation of the nucleic acid by X-rays, as shown by the decrease of viscosity, ceases when 
irradiation ceases provided that the solution has been prepared and irradiated under oxygen. free 
conditions. The after-effect is thus due to a product of molecular oxygen. The product is not 
hydrogen peroxide, since this cannot be detected in nucleic acid solutions irradiated in oxygen 


Tue effect of X-rays on solutions of deoxyribonucleic acid (calf thymus) has been studied by 
Sparrow and Rosenfeld (Science, 104, 245, 1946), CG. Butler (Canadian J. Res, 1949, 27, B, 
972), Taylor, Greenstein, and Hollaender (Biochem. Arch., 1948, 16, 19; Cold Spring Harbor 
Symp, 1947, 12, 237), and by Scholes, Stein, and Weiss (Nature, 1949, 164, 709). The first 
group of authors found that increasing doses of X-rays caused an increasing degradation of the 
nucleic acid, as shown by (4) loss of viscosity, especially the abnormally high viscosity observed 
at low rates of shear, (6) loss of streaming birefringence, and (c) changes in the sedimentation 
diagram which suggested the breaking up of the nucleic acid into smaller particles. They also 
observed that the decrease of viscosity continued after irradiation ceased. The later authors 
observed liberation of ammonia and other chemical changes which they considered to be due to 
breakdown of the purine bases. The X-ray doses used were, however, greatly in excess of those 
required to produce almost complete loss of the characteristic viscosity of the nucleic acid 

We have been interested in the “ after-effect " of X-rays on account of its possible relation 
with the changes of viscosity produced by compounds of the “ mustard " class (preceding paper, 
Nature, 1060, 165, 714) Taylor et al. rejected the possibility that this was caused by hydrogen 
peroxide formed during irradiation when they found that between 10° and 10-*m. it had no 
appreciable effect on the viscosity of the aqueous solutions of the thymus nucleic acid. 

We have found that the after-effect does not occur in solutions prepared in the absence of 
oxygen. Identical solutions of nucleic acid in water, prepared in the absence of oxygen and 
subsequently (4) saturated with air or oxygen and (b) maintained in an oxygen-free atmosphere, 
were exposed to X-rays side by side in similar tubes. Viscosities were determined (in air) after 
dilution to 0' 1% (see Fig. 1). In the absence of oxygen there is a small change of viscosity in the 
first }—1 hour after the end of the irradiation, but the viscosity then remains quite constant for 
many hours, while that of the solution irradiated in oxygen continues to decrease. This shows 
that most of the after-effect of irradiation is connected with the presence of molecular oxygen im 
the solutions 

Since hydrogen peroxide had a marked degrading effect on our preparations of thymonacieic 
acid, at concentrations of the order of 10a, and since (Fricke, ]. Chem. Paysscs, 1934, 2, 556; 
Allen, /. Phys. Coll, Chem, 1048, 52, 479) it is formed by X-irradiation of solutions of oxygen 
in pure water, by reactions such as 


H +0, > HO, fee (la) 
2HO, > HO, + oO, + aa 


the possibility existed that in our preparation the after-effect was due, or partly due, to hydrogen 
peroxide. We were, however, unable to detect this substance in solutions of nucleic acid 
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saturated with oxygen and exposed to 20,000 r., esther by the liberation of iodine from potassium 
iodide, or by means of the pertitanic acid reaction (Allen, Ind. Eng. Chem., Anal, 1945, 17, 425). 
These tests gave unequivocal positive results for 10*m-hydrogen peroxide in nucleic acid 
solutions. Since hydrogen peroxide in a concentration of the order of 10°°™. would be required 
to produce the observed changes of viscosity, we conclude that it is not the active agent. 


EXPERIMENTAL. 


The thymus nucleic acid was as described in Part I (preceding paper). The deoxygenated 
solutions were prepared as follows. nacle achd wan weighed into the weasel 4 (Fig 2), which was 
then attached to the nitrogen-purification train. The vesse ans Se ene eee © Fe 
evacuated and filled with nitrogen, twice, and the ampoules were finally left evacuated. Twice distilled 
water, boiled out in B and saturated with was then forced over into A by nitrogen pressure to 
give the volume required for a 0-24, solution. nitrogen used was deoxygenated by passage through 
a furnace C at 500° containing copper filings. (It is estimated that the pe ony of the solutions 
was less than 10°* mol./l.) Nitrogen was bubbled through the mixture until complete dissolution of the 


Fie. 2. 
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— acid had occurred (2 days). Suitable amounts of the solution were then let into the evacuated 
ules. After the taps had been closed the ampoules were cut away from the vessel A and subjected 
to. -irradiation by a 400-kv. X-ray machine (half{-value layer of radiation, 3-6 mm. Cu) at a dosage rate 
of 206 r./min. to dosages of 7000, 14,000, 20,000, and 40,000 r. The ampoules were then opened and 
their contents diluted to 0-1% and ‘0 05% with distilled water. The relative viscosities at various pressure 
es were determined in Fram vistemeters. The sedimentation and diffusion coefficients of 

the materia! subjected to doses of and 40,000 r. are reported in Part 11! (following paper). 
Fig. 3, which assembles results obtained with several samples of thymus nucleic acid, shows the effect 
of the X-ray doses on the viscosity at a concentration of 0: 1% in aqueous solution. The observations are 
y consistent and show that 7000 r. causesa fairly large drop in viscosity and that with 40,000 r. the 

loss of viscosity is almost complete 


chtertde estes a 18% _ hydrochloric acid solution (20 mi. ; 
4s, ay, | Pat gi Ne ce tedden Cth d a lm. (dbelabde 


Although of 
et {hh some iodine east the solution of nucleic acid, irradiated in oxygen, was 
belt with the sonpiat for 5 hours. Oxygen itself causes a slow liberation of iodine under these conditions, 
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but that prodeced by the omygen-irradiated nucleic acid was greater than that liberated by an 
un-irradiated control or by a control which has had a similar amount of irradiation in nitrogen. When 
the oxygen-irradiated solution of nucleic acid was heated to #0)" for 1 minute, the iodine liberated in 
t0 hours was considerably greater. No titanium colour appeared in test (2) after storage for the same 
tome. 


Observations were also made on simpler substances containing groups mt in the nucleic acid 
1% Sodium dihydrogen te, irradiated with 20,0001 in the presence of oxygen, gave an immediate 
“ liberation equi tto 25 x 10* w-hydrogen peroxide. The colour developed im the titanium 
test alew corresponded approximately to the same concentration 

A nucleotide (ammonium guanylate) similarly irradiated in 1% solution gave a very faint colour 
react.on with the titanium test and an immediate colour with hydriodic acid, corresponding to about 
| » 10° u-hydrogen peroxide 

Perricyanide-ferric alum mixture (Ubbelohde and Egerton, loc. cit.), which is sensitive to 10% 
hydrogen peroxide and to 10°-hydroperoxides, gave no reaction with the oxygen-irradiated (20,000 r.) 
nucleic acid. Ferrous thiocyanate was converted into the red ferric complex at a rate not markedly 
different from that of the cuntroil 

Fic. 3 
Effect of X-rays on the wiscostty of O-1% thymus mucletc acid solutions, measured after irradiation 
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Effect of Hydrogen Peroasde on Different Preparations of Nuclease Acid.—Although 10--hydrogen 
peroaide had a marked degrading effect on our own preparations of thymonucleic acid, a sample of the 
substance given us by Professor R. Signer was unaffected and was in that respect similar to that of 
Taylor, Hollaender, and Greenstein (loc. cit.). It has been shown by Butler and Smith (Nature, 1950 
166. 847) that the action of hydrogen peroxide is greatly increased by ferrous ions. 10-*m-Ferrous 
sulphate, when added to a solution of Signer’s thymonucieic acid containing 5 x 10°-hydrogen peroxide 
— ed a rapid fall of viscosity and it was appreciably active at 10° pe ne concentrations of 
erric salts had no effect. Since the concentration of ferrous iron is much smaller than that of hydrogen 

roxide, there must thus be some mechanism, ¢¢.. a chain process, by which its action is continued 
‘he difference between our preparations and those of Signer and of Taylor, Greenstein, and Hollaender 
could thus be accounted for by the presence, in ours, of a small quantity of ferrous or similarly-acting 
salts, probably stabilized by combination with the nucleic acid his could easily have arisen, since the 
thymus glands were minced in atinned mincer and also at one stage our crude preparation was centrifuged 
in a Sharples super-centrifuge with an iren rotor. Another difference in the method of preparation is that 
Signer, and Taylor, Greenstein, and Hollaender finally precipitated the nucleic acid with alcuho!, while 
ours was freeze-dried. Freese-drying a solution of Signer's material in water did not change its 
behaviour with respect to the effect of hydrogen peroxide The absence of effect of hydrogen 
peroxide on Signers and Taylor, Greenstein, and Hollaender’s preparations could not therefore 
he ascribed to the presence of alcohol, unless this alcohol is very firmly held. Signer’s preparation, 
however, showed a similar after-effect to ours, after irradiation with 7000 r, in the presence of oxygen 
After dissolution of our product im water and re-prectpitation with alcohol, the effect of hydrogen peroxide 
was much reduced, confirming that this effect was due to a removable substance 


Discussion 


These experiments show that the after-effect is produced by the action of a primary product 
if the radiation with molecular oxygen. This might be, for example, the radical HO, formed in 
reaction la. Since the concentration of such radicals will be small, reaction 1b, giving hydrogen 
peroxide, cannot be expected to occur to any appreciable extent when other substances with 
which HO, can react are present. The radical HO, could, however, react with nucleic acid, 
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¢g., at the phosphoryl groups, forming a peroxidic derivative which undergoes a further slow 
change, resulting in the degradation of the nucleic acid 

We have very little information which would characterize the intermediate product. If 
nucleic acid is represented by X the simplest formulation of such a product is XO,H, but it has 
been shown that the intermediate does not give the typical tests of a hydroperoxide and is more 
akin in its reactions to dialky! peroxides. The degradation might be the result of an oxidative 
rearrangement, or possibly of the slow liberation of hydroxy! radicals, by NOH ——> XO + OH, 
which have been shown to be capable of degrading nucleic acid 

These results are of biological! interest in view of the observations that the radio-sensitivity 
of plants and animals is enharced by the presence of oxygen during the irradiation. Thus 
Thoday and Read (Nature, 1947, 160, 608; 1949, 168, 133) found that the presence of oxygen 
in the water was an important factor in the radio-sensitivity of the root-tips of Vicia faba 
Hayden and Smith (Genetics, 1949, 34, 26) found a reduced sensitivity of barley seeds when 
X-irradiated ina vacuum. Giles and Riley (Proc. Nat. Acad. Sei., 1949, 35, 640) have shown that 
the incidence of X-ray-induced chromosome rearrangements is reduced when air is replaced by 
nitrogen and increased in pure oxygen. Baker and Sgourakis (sbid., 1950, 36, 176) have obtained 
similar effects with Drosophila sperm 

Since various studies in enzymes (ribonuclease, Holmes, Nature, 1950, 165, 266; carboxy- 
peptidase, Dale, Gray, and Meredith, Phil. Trams., 1949, 242, A, 33) have shown no influence of 
oxygen on their radio-senstivity, it would appear that the nucleic acid behaviour described 
above provides a possible basis of the biological effects 
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671. The Action of lonizing Radiations and of Radiomimetic Substances 
on Deoxyribonucleic Acid. Part III. The Molecular Weights of 
Deoxyribonucleic Acid degraded by X-Rays and by Treatment with a 
‘“* Nitrogen Mustard.” 


By B. E. Conway, L. Girpert, and J. A. V. Butier 


Molecular weights of deoxyribonucleic acid in aqueous solutions, untreated and degraded 
by treatment by X-rays and di-(2-chioroethy!l)methylamine, have been determined by 
sedimentation and diffusion-constant determinations. The degraded materials have molecular 
weights which are markedly less than those of the original nucleic acid and exhibit a considerable 
degree of polydispersity 


It was shown in Part I (J., 1950, 3411) that the “ nitrogen mustard,” di-(2-chlorethy!)methyl 
amine, and analogous compounds, when added to deoxyribonucleic acid (calf thymus) solutions, 
cause a loss of its characteristic viscous behaviour. The effect is similar to that produced by 
X-radiation (Part II, J]., 1950, 3418; Taylor, Hollaender, and Greenstein, Arch. Biochem., 1948, 
16, 19). The change of viscosity could be caused by a change in the asymmetry of the molecule 
or by a disaggregation involving the splitting of the molecule into fragemnts of lower 
molecular weight. We have therefore determined the sedimentation velocities in the ultra- 
centrifuge at ca. 60,000 r.p.m. (ca. 250,000 g.) and the diffusion constants of (1) nucleic acid in 
the original state, (2) the product of the treatment with di-(2-chloroethy!)methylamine (see 
Part I, loc. cit.), and (3) that of irradiation with X-rays (7000 and 40,000 r.). 

Fig. 1 shows typical examples of the Schlieren pictures obtained during sedimentation and 
diffusion. The untreated nucleic acid (Fig. le) sediments with the characteristic sharp boundary 
observed by previous workers (Cecil and Ogston, /., 1948, 1382; Kahler, /. Phys. Coll. Chem., 
1948, 562, 676). The diffusion diagrams (Fig. la) are somewhat asymmetric. The molecular 
weight, as determined by the methods described below, is of the order of 15 x 10°. The 
materia! treated with the amine shows in the ultra-centrifuge a greater degree of spreading than 

to the diffusion picture after the same period of time, indicating heterogeneity with 
regard to the sedimentation constant (Fig. 1). The diffusion picture itself shows very marked 
heterogeneity (Fig. 1b), which is analysed below. Examples of the sedimentation Schlieren 
pictures of the X-ray-treated material are shown in Figs. lg and 4, and of the corresponding 
diffusion pictures in Figs. lc and d respectively. 

Sedimentation measurements were made in © In-sodium hydrogen carbonate at 
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concentrations of 02, 01, 0°06, and 0-025 wt.%,, and diffusion determinations at 02, 0-1, and 
005%. Extrapolation from these results to infinite dilution, which presents considerable 
difficulties, is discussed below The mean diffusion and sedimentation constants, corrected to 
20°, so obtained are given in the Table, with the extrapolated values for zero concentration and 
the molecular weights calculated from them. It can be seen that these measurements indicate 
clearly a significant lowering of the molecular weight in both the amine- and the X-ray-treated 
material 
Thymonuc les § Sie. Ve. (S/D)", trom Sy from 
acid, » ; x le x oe and (S/D)" 
Untreated, ) 


batch A 2-65 , I4 x lo 


Untreated, 
batch C 


0-025 


X-Irradiated O72 
(7000 1.) ol 
0-06 
0-026 


X- Irradiated 2 
(0,000 7) (O, O1 
prenent) 0-06 

0-025 


Amuine- treated 
batch ¢ 


0-025 


Amine-treated, O72 (0-25) 16-5 | 
batch A ol wO 042 § - 10¢ 
ous loa if 


* The concn. in the diffusion experiments is taken as one-half of that in the lower solution 


EXPERIMENTAL 


The thymonucieic acid was prepared as described in Part I. The amine-treated material was 
prepared by adding 10 mg. of di-(2-chloroethy!l)methylamine to 25 mg. of the nucleic acid The reaction 
was allowed to proceed for 5 days, and the product dialysed for 170 hours against frequently changed 
water. It was then treeze«iried and dissolved as required in 0-)n-sodium hydrogen carbonate 


X-Ray treated material was prepared as described in Part I], by dissolving the nucleic acid in oxygen- 
free water in an atmosphere of nitrogen. The solution was irradiated by a 400-kv. X-ray machine at 
the rate of 206 r. per minute to give total dosage of 7000 r. Solid sodium hydrogen carbonate was then 
added to give a concentration of 0-1N., to prepare the solutions for the diffusion and ultra-centrifugal 


determinations. Another series of measurements was carried out on the nucleic acid irradiated with 
40,000 r. in the presence of air 


Sedimentation velocities were determined in the Spinco ultracentrifuge at about 250,000 g. (ca. 
60,000 rp.m.). The velocity in the case of the degraded samples measured was that of the peak of the 
retractive-index-gradieat curve 

Diffusion constants were determined in the Perkin-Elmer elec trophoresis tus (Moore and White, 
Ree. Sea. Inst., 1048, 19, 700), bw Longsworth’'s scanning method (Aun. New York Acad. Sci., 1941, 41, 
268) The boundary was originally made by sliding two sections of an elec s cell into alignment 
Correction of the zero or starting time for disturbance of the boundary whi bringing it into view was 
made by Longsworth's method (Joc. esf.); see also Stern, Singer, and Davis (/. Biol. Chem., 1947, 167. 
326 

Corrected values (to 20°) of the sedimentation and diffusion constants of the various concentrations 
are given in the Table. The extrapolation to zero concentration involves much difficulty owing to the 
marked (and theoretically uncertain) variation with concentration at low values of the latter. The 
extrapolation of S* agrees with Cec!! and Ogston’s value although our values of S are somewhat smaller, 
as the concentration dependence is more marked. There is some on See that in dilute solutions the 
dependence of S and D on the concentration may be roughly parallel. Singer (J. Chem. Prey 1947, 
15. 341) has discussed the theoretical factors involved in the concentration dependence of 5 and D and 
concluded that the same frictional forces are likely to be operative. The ratio S/D, although it may be 
open to objection on theoretical grounds, is certainly easier to extrapolate (see Fig. 2) and in fact shows 
little variation with concentration in the degraded samples. Its use is perhaps the best practical 
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time. The extrapolated values obtained from this rats and those obtained 
tions of S and D are given in the Table. The molecular weights are calculated by 
M = IT — Vp) «Be There p. the density of the eolution, ie taken a0 1-06, and Y the partial epectic 
volume, is tahen as 0-55 (Cecil and Ogston, loc. cit). 
Fis, 2. 
Extrapolation of Sy, Dy, fo 2670 concentration (thymommclene acid). 
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Discussion 


Notwithstanding uncertainties arising from the extrapolations and also from the 
heterogeneity of the substances, there appears to be no doubt that the molecular weight of the 
nucleic acids is appreciably lowered by treatment with either X-rays or the amines. The 
decrease produced by the chemical treatment is appreciably the greater. One of the samples of 
amine-treated nucleic acid was apparently appreciably more degraded than the other. This 
could be due to the formation of a larger quantity of material of comparatively low molecular 
weight 

Interpretation of these results will necessarily be uncertain until more is known about the 
nature of the sedimenting unit of mol. wt. 15 « 10° of the untreated nucleic acid. There is 
little evidence to show whether this is a true chemically united molecule or a fairly loose aggregate 
or micelle made by the association of a number of smaller units. It may perhaps be significant 
that an entirely different method, i.¢., the dielectric dispersion method used by G. and I. Jungner 
and G. Allgén (Acta Physiol. Scand., 1950, 20, Suppl. 69; Nature, 1949, 163, 849) gave much lower 
molecular weights for similar preparations of thymonucleic acid. It must be remembered 
also that the viscous undegraded acid is inherently unstable since a trace of the enzyme 
deoxyribonuclease (Kunitz, ]. Gen. Physiol., 1950, 33, 349, 363) causes a rapid loss of the viscous 
behaviour and a degradation to units which can readily diffuse through cellophane (Carter and 
Greenstein, J. Nat. Cancer Inst., 1946, 7, 29) and approach the size of tetranucleotides (Kunitz, 
loc. cit.). 

The changes brought about by the amine and by X-rays are much less extensive than this 
and for that reason more difficult to interpret. It does not follow from the results that the 
changes produced by these agents are necessarily primarily the breakage of the chemica] bonds 
which hold the large molecule together. It is possible that the chemical modification of some 
of the smaller units may cause a large aggregate to dissociate. These results do not exclude the 
occurrence of some degree of cross-linking in the treated substances, but they do render it 
improbable since the overall result is a diminution of molecular weight. The only certain 
conclusion which is justified at present is that the amine and X-rays bring about changes in the 
physical state of nucleic acid which are on the whole degradative and are empirically similar. 

10x 
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Polydispersity. —Some measure of the inhomogeneity of the untreated and degraded nucleic 
acids may be obtained from the photographs of the refractive gradient in the diffusing boundary 
by the method of Gralén (Koll.-Z., 1941, 96, [1i), 188) which has been applied by Gralén and also 
vy Passynsky and Gatowskaja (Nature, 1946, 157, 518) to the polydispersity of rubber 

The method consists ia the evaluation of an inhomogeneity coefficient from the difference 
between the values of D for a given curve calculated by the first and the second moment methods 
This coefficient is a measure of the polydispersity and is zero for a homogeneous material 

For polydisperse systems showing one maximum (see Kraemer and Lansing, /. Amer. Chem 

, 1935, 57. 1369) on the aze-distribution curve, the distribution of diffusion coefficients ma 
be represented by a general logarthmic distribution function of the form 


he 1 
da = dD where Z =~ _ In (D/D,) 
& is the inhamogenesty coefficient referred to above, D, is the vaiue of the diffusion constant 
corresponding to the maximum of the distribution curve, & is a constant, and dw is the fraction 
of the material having a diffusion constant between D and (D + dD). Insertion of the 
parameters 1), and §, calculated from the first and second moments of the diffusion curve, into 
the general distribution function, 


gives the distribution 
investigated 


characteristic of the mixture 
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For a polydisperse system of long-chain molecules non-ideality of the diffusion curve results 
from the concentration dependence of D in the concentration gradient at the boundary, as well 
as from polydispersity. However, by computing the polydispersity-distribution function for 
one boundary at various times for various concentration gradients, the extent to which 


if, 
the non-ideality is due to polydispersity and hence the validity of any polydispersity calculation 


may be estimated 
Calculations of the polydispersity of the untreated thymonucleic acid (the most non-ideal of 
the solutions investigated) for three different times of diffusion gave good agreement between 
the three corresponding polydispersity distribution functions 
In Fig. 3 are compared the distributions of diffusion constants for the untreated, the amine- 
treated, and the X-irradiated nucleic acid samples. It is readily seen that relatively little 
degradation is brought about by X-irradiation (in absence of oxygen), whereas there is extensive 
degradation by di-(2-chloroethy!)methylamine to particles having high diffusion constants 
This investigation 1 been sted b ts to 
s Cancer Compaign. the Jane Comin Childe Fund for Mediea Rassarch, the Ansa Fuller 
Division of Research Grants of the US Public Health Service. We are also indebted to 
G "Avts tor sochaical aasstenee ond to Mine i M. Press for analyses. We also thank 
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672. The Kinetics of the Oxidation of Organic Compounds by Ceric 
Sulphate. Part Il. The Reactivities of Aliphatic Ketones and 
Acetaldehyde. 


By J. Suorrer. 


The detailed study of the oxidation of acetone by ceric sulphate (/., 1950, 3276) has been 
extended to that of seven other ketones and of acetaldehyde A connexion between enolisation 
and oxidation is revealed by comparison of the respective rates. With unsymmetrical ketones 
the relation is between the rate of oxidation and the rate of formation of that enol which is 


derived from an «-CH, or a-CH group. Acetone and acetaldehyde, however, do not themselves 
obey the general rule 


The storchetometric relations reveal the nature of the products in each case and mechanisms 
are suggested for these processes 

To account for the reactivity of the enols at «-CH, or «-CH groups, and the unreactivity 
of those formed at e-CH, groups, it is suggested that oxidation products of the former can be 
stabilised by hyperconjugation. This accounts for the varying proportions in which competing 
reactions occur in different ketones and for various discrepancies in the relation between ease 
of enolisation and of oxidation 


Part I (J., 1950, 3276) describes an investigation of the kinetics and stoicheiometrv‘of the 
oxidation of acetone by ceric sulphate. This paper makes a comparative survey of the 
reactivities and stoicheiometry for acetaldehyde and a sernes of aliphatic ketones 

The kinetic results for acetone indicated that there is a slow oxidation of the enol which is 
present usually in approximately equilibrium amount. If this applies in general, the influence 
of structure on reactivity will express itself in effects, first, on the enol equilibrium and, secondly, 
on the rate of oxidation of the enol. The detailed analysis of this problem will be of considerable 
complexity, and relevant data are not available. However, a correlation has been discovered 
between the rate of oxidation and the rate of formation of that enol which is the more readily 
oxidised. There will almost certainly be a correlation (of the Bronsted type) between the rate 
of enolisation and the equilibrium constant for enol formation. The empirical result therefore 
probably means that the effect of structure operates chiefly through the enolisation equilibrium, 
the actual oxidation rates of the relevant enol forms being, in general, much less subject to 
variation 

Rates of Oxidation and Enolisation.—The most important measurements of oxidation rates 
are summarised in Table |. The oxidation of acetaldehyde and of the higher ketones is not 
autocatalytic. Accordingly the experiments were designed simply to give values of the initial 
rate, r,, as described in Part 1. All experiments were made at 70° and the rates were expressed 
as equivalents of ceric sulphate x 10 reacting per |. per minute. The results in Table I refer to 
reaction mixtures with (Ce!"), = 005n., {ketone or aldehyde), = 0005m., and [H,SO, 
200n. ((H*) = 1003). As shown in Fig. 1 the curves for ethy! methyl, diethyl, and methyl 
tsopropy! ketones could be nearly superimposed over a considerable portion of their course 


Taare I. 


‘oe r,’ (relative to value > » (relative to value 
units, min for acetone) 


COMeC ,H,y-m 


Most of the enolisation rates can be obtained from Dawson's work (/., 1910, 97, 2048; 1011, 
99, 1740); the values for m-amy! methyl ketone, diisopropy! ketone, and acetaldehyde were 
measured in the present work. The results refer to the rates of acid-catalysed enolisation, at 25°, 
measured by the halogenation method, and expressed relatively to the rate of enolisation of 
acetone. They are shown in Table III under the heading r,. (Dawson (/., 1914, 106, 1275) 
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showed that the reaction between acetaldehyde and iodine in acid solution was an sodination and 
not an oxidation to acetic acid | 

For unsymmetrical ketones there are two enols. No values are available for their specific 
rates of formation (to be referred to as “' partial rates of enolisation ") under the conditions 
of kinetsc measurements. For four such ketones, however, results are available for the com- 


Fis. 1 
The owtdation of diethyl hetome, methyl ethyl hetone, and meth) wopropyl hetome by ceric sulphate 
at 70" 





~ 
o 


Amount of reaction. 7 wets 
Ss 











® j _ £0 #0 
ime, minutes. 
») COR, @ COMeEt. @© COMePr' 
Ketone, ~ 0-006m., (Col), « 0-05m., (HSO,) « 200m, ((H* 1-003ny .) 
(Note: Bight pownts are actually plotted for each hetome.) 


position of the ultimate product of bromination with bromine and potassium chlorate in 
aqueous solution at ca. 40° (the author is indebted to Dr. H. M. Cardwell for drawing his 
attention to this) E. R. H. Jones and his co-workers (j., 1948, 272, 276), and Cardwell 
and Kilner (private communication), have carried out quantitative fractional distillations 
of the mixed bromides and have identified the components by comparison with synthetic 
products. The results in Table Il are calculated from their results 


Tawie Il. 
HKromination at «-position, °, 
Compound 
COMeEt 
COMel'r* 
COMePt' 100 
COMeBu' : 

These values may be assumed to show the percentages of the different enols formed and can 
be used to calculate partial rates of enolisation from total rates. Comparable values for the 
symmetrical ketones are obtained simply by dividing the total rate by two. No results are 
available for »-amy! methyl ketone; it will be assumed that they would be similar to those for 
methyl #-propy! ketone, and that 40°, of the enolisation involves the methyl group. The values 
for the partial rates, relative to the total rate for acetone, are shown in Table III, under the 
heading r, 

Tae.e Lil 








Compound cH, H, CH Compound CH,. 
MeCHO O-38s8 0 388 COMePr. . & 0-36 
COMe Le ow COMePr' . 0-00 
COMekt lod oO Om COMeBu' , O-4ls 
COBL, ....... O82 . al COT . ccveseses — 

COMet,H,,-# ” 0 396 


When relative values for the total rate of enolisation, 7,, at 25° are plotted against the relative 
rates (7,") of oxidation by ceric sulphate at 70° no proportionality appears (Fig. 2). (The rate of 
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oxidation of acetaldehyde is corrected for the fact that 10% of the reaction involves the aldehyde 
group and not the methy! group—see below.) 

In Fig. 3 the points for the symmetrical ketones are plotted as before. For the five unsym- 
metrical ketones the partial rate of enolisation at the «-CH, or the «CH group (whichever 
the ketone possesses) is plotted against the rate of oxidation. The total! rates of enolisation for 


Fie. 2. 
Lack of relation between total vate of enolisation at 25° and rate of oxidation at 70", 
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the symmetrical ketones and acetaldehyde and the above particular rates for the unsymmetrical 
ketones will be called the “ relevant rates of enolisation.”” For seven of the ketones there is 
approximate proportionality between the relevant rate of enolisation and the rate oi oxidation 
In other words the oxidation rate is related to the rate at which a particular enol is produced 


No such relation is apparent if rates of enolisation at . 

the methyl group are used for the unsymmetrical Fis. 3. 

ketones The relation between relevant rate of emolis- 
ation at 25° and rate of oxidation at 70° 


The two exceptions are acetone and acetaldehyde Fer hey, ove Fig. 2. 


The former oxidises very much more slowly than corre- 
sponds to its rate of enolisation, the latter very much 
faster. These anomalous results may be due, in part at ot 
least, to the comparison of rates of enolisation at 25 . 

with rates of oxidation at 70°. It may also be signifi- 63 

cant, however, that acetone and acetaldehyde are the ail 

only two compounds studied which have no carbon 

atoms in the §-position to the carbonyl group 

The correlation of the rate of oxidation with the 
rate of production of a particular enol is, however, as 
sufficient to suggest, in the first place, that the cs 
mechanism of the oxidation reaction involves enolis 
ation ; this is consistent with results for acetone (Part 1), 
and with suggestions by other workers regarding the oxidation of ketones by various reagents. 
In the second place, for unsymmetrical ketones it suggests that enols formed from a methyl! 
group are much less readily oxidised than those formed from a CH, or CH group; this would 
account for the anomalous behaviour of acetone, where only the former type is available. 
The effect of structure on reactivity will be discussed after consideration of the course of the 
oxidation reactions. The enolisation hypothesis accords with the stoicheiometric results 
satisfactorily. 

Stoicheiometric Results for Acetaldehyde and a Series of Ketones.—The amounts of ceric 
sulphate required and of formic acid produced were determined. The results for acetone and 
acetaldehyde (Table IV) were obtained with (Ce'’|, = 0-05n., (ketone), = 0005m., [H,SO.) = 
2n., and the rest with (Ce'’), = 0-0667N., [ketone], — 0-00333~. 

In general the reactions wil! be formulated as successive hydroxylations with intermediate 
formation of enols (cf. Part 1). In the light of experiments on the fatty acids and other possible 
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intermediate products such as diacetyl and pyruvic acid it will be assumed that the ultimate 
products are fatty acids, carbon dioxide, and water 


Taste IV 


Equivs of Ce’® Mols. of HCOOH Equivs. of Ce™* Mois. of HCOOH 
used per produced per used per produced per 
Compound mol of ketone mol. of ketone Compound mol. of ketone mol. of ketone 
Mecho 5-75 175 COMePr* 14-25 
COMe a6 “ COMePr i24 
COMek* 11-96 25 COMeBu 14-75 
COEt, 134 a5 coPpr, 123 
COMeC Hm 1s? 


Acttaldehyde. The results (see Table 1V) may be explained in terms of the reactions (i) 
CHyCHO + O > CHYCO,H, (i) CHYCHO + 30-—> 2HCO,H. If 10% of the aldehyde 
undergoes reaction (i) and 90°, undergoes reaction (11), 56 equivalents of ceric sulphate will be 
used and 1°4 moles of formic acid will be produced, as is the case. Nothing can be said about the 
mechaniem of reaction (i Reaction () may proceed by stages analogous to those postulated 
for acetone, ez, CHCHO —»> CHyCH-OH > HOCHICH-OH —+> (CHO), —»> 2H-CO,H 

Methyl isopropyl Actone. The results may be explained by supposing that attack starts at 
the CH group, and that there is no reaction at the a-methy! group. This accords with the 
enolisation hypothesis since E. R. H. Jones (loc cit.) showed that the only enol formed is that 
involving the CH group In amy case the other enol would be much less reactive if the above 
interpretation of the kimetic results is correct.) The first major stage of the reaction may not 
be supposed to involve hydroxylation of the CH carben atom followed by oxidative fission of 
the CnC bend) (CH,) CH-CO-CH, + 20—> CH CO-CH, + CHyCO,H. Acetone itself may be 
praluced as the direct result of the fission, which seems more likely to yield acetone hydrate and 
then the enol by elomimation of water The acetone is assumed to be oxidised, as described in 
Part |, with consumption of 84 equivalents of ceric sulphate and the production of 1:4 moles of 
form acid Thus this ketone should require 12°4 equivalents of ceric sulphate and yield 14 
moles of formic acid, in satisfactory agreement with experiment 

Diisopropy! ketone The values shown in Table IV are close to those for methy! tsopropyl 
ketone, and the interpretation is similar, the first stage yielding tsobutyric instead of acetic acid 
As before the ketone should use 124 equivalents of ceric sulphate and produce 1:4 moles of 
formic acid 

In the discusmon of the remaining ketones a new principle must be used. In order to account 
for the high degree of oxidation that occurs, it is necessary to suppose that oxidation can proceed 
along the carbon chain as far as some form of trketone This might occur by a mechanism such 
as: CH RCOrCHYSCH,R > CH R-C(OH)CH-CH,R > CH, R-C(OH)-C(OH)-CH, RS —> 
CH, R-C(OH) oC (OH) CHR > CH R-CO-C(OH) CHR’ ——» CH,R-COCO-COK The in 
dividual steps can be formulated as for acetone The diketone as such will not occur as an inter 
mediate, experiments with diacetyl showing that rapid oxidation occurs to two molecules of 
acetic acid = Luttle is known about such triketones, but they are certainly very unstable, being 
powerful reducing agents and undergoing degradation by alkalis. The triketone might break 


down by fiesion with water as follows 


CH RCO co COR 


—> CH,RCOH + HCO, + R°CHO 
HOH HOH 


the aldehyde undergoes further oxidation. Oxidation might also proceed along the chain in the 
other direction and lead to RCH(OH)-CO*CO-COR’ or R-COCOCO-CH,R’ 

Ethyl methyl ketone, Onidation starts at the methylene group and proceeds along the chain 
until either CHYSCOCU-CHO or CH,(OH)-CO-CO-CHO is formed. The former might undergo 
fiawson as follows 

COO ph Wisenas CH,CO,H + H-CO,H + CH,O 
HOH HOH 


the latter as follows 


CH YOH)CO On —CHO 


—> CH,(OH)-CO,H + HCO,H + CH,O 
HOH HOH 
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The formaldehyde would then be oxidised to formic acid. (Experiment showed that one molecule 
of formic acid was probably produced by each two equivalents of ceric sulphate used.) The 
giveolhic acid would be oxidised to formic acid, carbon dioxide, and water (Willard and Young, 
|. Amer. Chem. Soc., 1930, 52, 132) 

The two modes of oxidation are thus represented by the equations 


i) CH,CO-CH,CH, + 50—> CH,CO,H + 2H-CO\H 
(i) CHyCOCH,CH, + 80 —> 3H-CO\H — HCO, 


If 70%, of the ketone is oxidised by reaction (i) and 30%, by reaction (i), 11°8 equivalents of ceric 
sulphate will be required, and 2°3 moles of formic acid will be produced (cf. Table I'V). 

Diethyl hetone. When full oxidation has occurred at one methylene group the other will 
probably be attacked in preference to the methy! group, thus giving CH yCO-CO-CO-CH, and 
not CHyCH,CO-CO-CHO. The triketone may be supposed to undergo the fission, 
CHyCO-CO-CO-CH, ——> CH, CO,H + HCO,H + CHyCHO 

The acetaldehyde would be oxidised and according to the above discussion should require 
5°6 equivalents of ceric sulphate and yield 1-8 moles of formic acid. In all, diethyl ketone should 
require 13°6 equivalents of ceric sulphate and yield 2°8 moles of formic acid, in agreement with 
experiment 

Methyl n-propyl ketone. The values recorded in Table IV are close to those for diethyl 
ketone and suggest oxidation on similar lines. From initial attack at the a-methylene group it 
proceeds along the chain until CH,-CO-CO-CO-CH, is formed, and this undergoes fission as before 

This ketone, however, uses slightly more ceric sulphate than does diethy! ketone. A small 
amount of attack on the a-CH, group may occur, leading to CH,(OH)*CO-CO-CO-CH, which then 
vields glycollic acid, formic acid, and acetaldehyde, the first and third of these then undergoing 
further oxidation. For this, 196 equivalents of ceric sulphate are required and 3°8 moles of 
formic acid are produced If this reaction occurs to the extent of 5%, 140 equivalents of cence 
sulphate would be used and 2°85 moles of formic acid produced, approximately as found 

n-Amyl methyl ketone If the attack is assumed to start at the amethylene group, 
degradation will occur when the compound CH,CHyCH,COCO-CO-CH, is reached, and this 
will suffer fission to CH,CH,CH,CHO, H-CO,H, and CH,CO,H. The oxidation of »-butyr 
aldehyde has not yet been examined but should be according to (i) CHyCH,CHyCHO + O—> 
CHyCHyCHyCO,H «and §$(ii) CHyCH,CHyCHO + 50——> CHyCO,H + 2H-CO,H. If 
reaction (i) constitutes 10% of the total, »-butyraldehyde will require 92 equivalents of ceric 
sulphate and yield 1°8 moles of formic acid. This mode of oxidation will require 17°2 equivalents 
of ceric sulphate and yield 28 moles of formic acid. The fact that the amount of ceric sulphate 
used is slightly greater than this suggests some oxidation of the a-methyl group. This mode of 
oxidation involves the fission of the compound CHyCH,CH,COCOCOCHYOH. If this 
vields »-butyraldehyde, formic acid, and glycollic acid (cf. methyl #-propy! ketone), in all 
23°2 equivalents of ceric sulphate will be required and 3°8 moles of formic acid will be formed 
If this mode of oxidation occurs to the extent of 5% (cf. methyl #-propy! ketone), the resultant 
stoicheiometry will be 17-5 equivalents of ceric sulphate used and 2°85 moles of formic acid 
produced 

is0Butyl methy! ketone. As before, attack must be supposed to start at the a-methylene group 
The compound (CH,),C(OH)*CO-CO-CH, should be produced, and would be expected to undergo 
oxidative fission to acetone, carbon dioxide, water, and acetic acid (cf. methy! tsopropy! ketone 
and diisopropyl ketone). Such a reaction cannot, however, be fitted into a scheme to explain the 
stoicheiometric results. Two modes of oxidation are indicated fi) The compound 

CH,),CHCOCO-CHO is ultemately formed and this undergoes fission as follows 


CH,),CHCO——CO———TCHO — > (CH),CHCO,H + H-CO,H 4 CH,O 

HOH HOH 
the formaldehyde being oxidised to formic acid; 10 equivalents of ceric sulphate are required 
and 2 moles of formic acid produced. (ij) The compound (CH,),C(OH)CO-CO-CHYOH is 
ultumately formed and undergoes the oxidative fission, (CH,),C(OH)*CO-COCH,OH + 60 —+> 
CHyCO-CH, + H,CO, + CH,(OH)-CO,H, the acetone and glycollic acid being subsequently 
oxidised in the usual way. In all 24-4 equivalents of ceric sulphate are required and 2°4 moles «f 
formic acid are produced. If 67% is oxidised by reaction (i) and the rest by reaction (i) 
14°75 equivalents of ceric sulphate will be used and 2°15 moles of formic acid produced, as 
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required (see Table [V). Considetable oxidation of the methyl group evidently occurs and this 
would not be expected from the behaviour of other ketones. The matter will be considered 
further in the next section 

E flect of Structure on Reactwity —The oxxdatioa of ketones has been correlated with enolisation 
followed by oxidation of the enol, and the effect of structure on the ease of oxidation of enols will 
now be discussed. It will be necessary to account for the anamolous behaviour of acetone and 
acetaldehyde, for the greater ease of oxidation of the “ relevant enol " of an unsymmetrical ketone, 
for the varying proportions of competing reactions in different ketones, and for various dis- 
crepancies in the relation bet ween enolisation and oxidation rates 

The proportionality Letween relevant enolisation rate and the rate of oxidation indicates 
that all enols which are actually oxidised are about equally reactive, with the exception of those 
from acetone and acetaldehyde Sach enols all possess §6-hydrogen atoms [i¢, at a position as 
in CH-CIC(OH)). In these cases it would be possible for intermediate products of oxidation 
(see discussion on acetone in Part 1) to be stabilised by hyperconjugation from the $-hydrogen 
atoms For the neutral radical formed by the loss of one electron and addition of a hydroxyl ion, 

H 


the hyperconjugation would be of the type R—CH CH—CRIOH), 


For the positive ion 


formed by the loss of a further electron the hyperconjugation would be 


t 
R-—-CH—CH—CRIOH), 
Such an effect might facilitate reaction and be a major factor governing the reactivity of the enol 
towards cetic sulphate No such hyperconjugation could occur in the products of oxidation of 
an enol of the type CH,R--C(OH)—CH,. The application of this hypothesis to various com- 
pounds and series will now be examined 

4cetaldehyde This is oxidised much faster than corresponds to its enolisation rate. It is 
unique among the compounds studied in that its oxidation products could be stabilised by 
hyperconjugation of the type 


H H H 
H,C—C(OH), and HyC—C(OH), or H.C—C=On 
OH 


This would appear to be a very important process and to enhance greatly the reactivity of the 
enol 

jeetone = Tht ts oxidised much more slowly than corresponds to the rate of enolisation. The 
oxidation products of the enol lack the possitulities for hyperconjugation of those from acet 
aldehyde and of those from ethyl methyl! ketone. The reactivity of the enol is greatly diminished 
The absence of this effect might also hinder certain subsequent stages in the oxidation, which in 
other ketones are fast, and lead to an autocatalytic form of reaction-time curve (see Part 1) 
The anomalous result for acetone may thus be due in part to a low consumption of ceric sulphate 
in the stages contributing tor, 

Effect of chawn length im the series, COMeR, where K Et, Pr®, or n-amyl. Fig. 3 shows that 
the rates of oxidation im this series are in accord with the view that the oxidisable enol ts of the 
type MeC(OH ECHR Reactivity decreases with the chain length. similarly, mm oxidation by 
selenious acid Melnikov and Rokitskaya (/. Gen Chem. Russa, 1938, 8, 1369) found that the 
rate diminished continuously from acetone to m-hexyl methyv! ketone, but for oxidation by 
dichromate Petit (Bull, Soe chim, 1945, 12, 568) found that reactivity increased with chain 
length The drop from KR « Et to R « Pr* corresponds to the diminution in the relevant rate 
of enolisation, but the compound with R n-amy! is oxidised rather more slowly than might 
have been expected Possibly the methy! group in Pr® promotes the stabilisation of the products 
by hyperconjugation, and this influence is damped by the interposition of additional methylene 
groups (compare the views on the electron release of alkyl groups put forward in /., 1949, 2412) 

In the interpretation of the stoicheiometric measurements tt was shown that about 30% of 
the ethyl methy! ketone but only about 5 of the higher straight-chain ketones ultimately 
suffered attack at the methyl! group This is mm accordance with the hypothesis that products are 
stalulised by hyperconjugation in suitable cases In ethyl methyl ketone the possibility of such 
stabilisation ceases when the a-methylene group has been fully attacked; further oxidation 
invalves the methy! groups and there is no reason why the §-methyl group should be attacked in 
preference to the a group. With the longer chains, however, there will be a bias in favour of 
oxidation proceeding along the chai, since in that direction continued stabilisation of the 
products can be obtamed 

Methyl isopropyl ketone. Evnolisation is said to occur entirely on the CH group, and this enol 
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is the one whose oxidation products could be stabilised by hyperconjugation. The rates of 
enolisation and oxidation are both slightly lower than those of ethyl methyl ketone; the 
oxidation curves are nearly coincident (Fig. 1). No explanation can be offered, since the reaction 
mechanisms for the two compounds should be very different. The additional hydrogen atoms 
im methyl tsopropy! ketone appear to make no difference to the reactivity of the enol, compared 
with that of ethyl methyl ketone. 

isoButyl methyl ketone. Fig. 3 shows that the rate of oxidation ts in accord with the view 
that the oxidisable enol is MeyCH*CH:{CMe(OH). The results of the stoicheiometric measure. 
ments showed that a great deal of attack at the a-methy! group ultimately occurred. The 
advantages possessed by the a-methylene group over the a-methy! group are apparently much 
reduced when there ts only one §-hydrogen atom, resulting in diminution im the stabilisation 
effect In the compound Me,C-CH,-COMe, hyperconjugation could play no part in the 
stabilisation of the oxidation products.) 

Diethyl ketone. The total rate of enolisation of this compound is approximately the same as 
the relevant rate of enolisation of ethyl methyl ketone. The rates of oxidation are almost 
identical (Fig. 1). The rate of oxidation is perhaps slightly lower, in comparison with that of 
ethy! methyl ketone, than would have been expected from the enolisation rates. Possibly the 
greater electron release from the other alkyl group hinders the stabilisation of the products by 
hyperconjugation. The interpretation of the stoicheiometry requires that both methylene 
groups are attacked and that no attack on methy! groups occurs. Thus is in accordance with the 
view that the products of attack on methylene, but not on methyl, groups can be stabilised by 
hyperconjugation 

Dusopropyl ketone. The rate of oxidation is roughly m accord with its rate of enolisation. 
Possibly, compared with that of methy! tsopropyl ketone, it is a little slower than would be 
expected. This might be due to a steric effect or to opposition to the stabilisation of the products 
caused by electron release from the other alkyl group 


EXPERIMENTAL, 


The ketones were fractionated from commercial specimens, purity was checked by boiling points and 
refractive indices 


Details about solvent and reagents are given in Part 1, where the experimental methods for measuring 
rate of oxidation and investigating stoichesometry are described 


The rates of enolisation of acetaldehyde, s-amy! methyl ketone, and dinsepropy! ketone at 25° were 
measured by the sodination method. Acetaldehyde was examined in aqueous solution, and the ketones 
in 63%, alcohol (by volume). Measurements with acetone for purposes of comparison were made with 
both solvents 


With dusopropy! ketone a reaction between iodide tons and the ketone made it necessary to work in 
the :mitial absence of iodide, and to make allowance for the effect of that produced in the todination of 
the ketone, when calculating the rate of enolisation from the rate of removal of sodine 


The author is indebted to the Department of Scientific and Industrial Research for a maintenance 
grant, during the tenure of which this work was carried out 


Puysicat Cuxmistky Lasorarory, Oxrorp Universrry Receiwed, July 20th, 1050 


673. Quassin and Neoquassin. Part I. 


By E. Lonpow, ALeExanper Ropertson, and (in part) H. Worruincron. 


Quassin C,,H,,O,(OMe), and neoquassin C,,H,,0,/OMe), have been isolated and separated 
by two procedures. The former compound is an unsaturated lactone containing two (and 
possibly three) C-methy!l groups, a tertiary hydroxyl, and a ketonic group. On hydro- 
genation it gives a dihydro-derivative and on reduction forms neoquassin. With hot mineral 
ackis quassim is demethylated, giving nor- and bisnor-quassin whilst with warm alcoholic 
potassium hydroxide it gives an unsaturated acid tsoquassma acid 

Neoquassin C,H,,O,(OMe), which forms quassin on oxidation, is an unsaturated ketone 

roxy! groups of which one reacts to form a monomethy! and a monoethy! 


containing two b 

ether. Partial denetha tation of neoquassin gives nor uassin whilst dehydrogenation 
yields a mixture from which the monomethy! ether of an \-dibydroxybenzene has been 
isolated. 


THe resolution of the mixture of bitter constituents of Quassia wood into pure chemical com- 
pounds has hitherto proved a major obstacle to the elucidation of the chemistry and constitution 
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of these substances An examination of the earlier work by Winckler (Nep Pharm... 1835, 
2, 64, 85. 1830. 2), 66, 74), Wiggers (den Pharm, 1837, 21, 40), Christensen (d4rch. Pharm, 
iee2, 3. 220, 481), Oliver: and Denaro (Garmtia, 1884, 14. 1, 1885, 15, 6), Oliweri (1bed., 1887, 
17, 540, 1888, 18, 160), Adrian and Moreaux (Pharm. /., 1884, 3, 14, 507), and Massute (Arch 
Pharm, 1800, 228, 147) on the isolation and characterisation of the constituents of Quassia 
wood shows that there is a considerable lack of uniformity regarding the nature of their products 
in a more recent examination of the crystalline bitter constituents of Quassia amare, Clark 
U. Amer, Chem. Soc., 1937, 58, 927, 2511) obtained quassm, (2)P + 398°, m. p. 205-206", 
and neoquassm, «Ff + 466°, m. p 225-228", which he considered to be isomeric and to have 
the formula C,.H,,0,/0Me),. From the wood of Mieraena excelsa, a tree closely related to 
Quassia amara, this author obtained a third isomeride, 2% +454", m. p. 218", stated to be 
the main constituent, which he designated picrasmin, a name originally applied by Massute 
(loc. ott} to two closely related products, m. p. 204° and m. p. 200--212°, from the same 
source 

In our first approach to the problem of isolating and purifying the constituents of Quassia 
wx, Quassia amara 1., we employed methods similar to those of Clark (loc. cif.) but with a 
somewhat simpler procedure for the fractional crystallisation by which two products were 
obtamed 1), m p 2135", and (8), m. p. 218 from the crude extract The same products 
were obtamned from samples of Merck's (Germany) crystalline and amorphous commercial 
«quassin and, in contrast to Clark's findings (/oc cit), from Picraena excelsa Planch. Sub- 
sequentiy, im the course of many attempts to find a more raped procedure for the isolation and 
purification of the constituents of Quassia wexl, it was discovered that a crude crystalline, 
partially purihed, extract could be separated by chromatography from chloroform on alumina 
mite two tutter constituents. Of these, the somewhat less strongly adsorbed compound, for 
which we have retained the name quassin, m p. 222°, C,H,,O,(OMe),, would appear to be 
wlentical with ssoquassin which Clark (loc. cif.) prepared by the action of chromic acid on both 
his quassin, m p. 205-206°, and his neoquassin, m p. 225--226°, and to which he ascribed 
the empirical formula C,jH,,O,(OMe}), The second constituent, CH,,O,/OMe),, m. p. 228", 
ms very similar to, if not identical with, Clark's neoquassin and we have retained this author's 
designation In addition there was isolated a minute amount of a brownish-yellow pigment 
of which the maim component is a bnght-yellow substance, m. p. 254°; an examination of this 
pigment i reserved for a later communication By the chromatographic procedure the pro 
ducts (4) and (#4) were found to be mixtures 1), mp. 213°5", contained quassin with 35 
16°. of neyuassin, and (8) mainly neoquassin with a little quassin, approximations in agree 
ment with the composition of (4)and (#4) estrmated from the mixed melting-point curve of 
pure quassin and neoquassur 

In the separation of quassin and neoquassin by chromatography it was not found possible 
to differentiate between the zones derived from an initially colourless mixture. The division 
of the columns had, therefore, to be made arbitraniy and it was only after much experimental 
vork under standard conditions that pure compounds co tld be wolated by this tedious method 
inher routes were, therefore, explored and ultimately, when it was discovered that, unlike 
Nexpuassin, quassin was a lactone, a highly satisfactory and comparatively rapid method of 
separating the components of a crude or partly purified crystalline extract of the wood was 
devised Although insoluble in cold dilute aqueous potassium hydroxide, quassin dissolves 
readily in cold 5°, methanolic potassium hydroxide and is not precipitated on dilution with 
water or extracted from the resulting aqueous methanolic solution with solvents Thus, 
shen a solution of the quassin-neoquassin mixture in 5°, methanolic potassium hydroxide 
equivalent amount) is diluted with water the neoquassin only is precipitated After the 
separation of the neoquassin the quassin ms recovered from the alkaline liquor by precipitation 
with carbon dioxide. A detailed examination of the products obtained by this route with those 
iwolated by chromatography tailed to show any divergence in their properties 

Neoquassin occasionalivy crystallised in a metastable form (plates, m. p. 213°) which did 

“4 always readily pass into the stable form (thick prisms, m. p. 228°) when recrystallised 

(learly this property was one of the factors complicating the resolution of quassin-neoquassin 
uxtures by fractional crystallisation 

In addition to the main constituents the alkal: method led to the isolation of a small amount 
of a new alkali-soluble compound, m. p 246-248" (decomp.), which appears to have the 
«empirical formula C,,H,O (OMe), 

Ouassin, m. p. 222°, is a dextrorotatory unsaturated lactone which contains two methoxy! 
groups, one double bond as estimated by the perbenzoic acid method, one active hydrogen 
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atom as determined by the Zerewitinoff method, and at least two, and possibly three, C-methy! 
groups according to the Kuhn-Roth method As it does not give formaldehyde or acetone 
on ozonolysis quassin ts devoid of a vinyl or isopropylidene group. With Tollens’s reagent and 
with the usual tests for sterols including the Liebermann-Burchardt reaction quassin gives 
negative results but in the Lega! test for unsaturated lactones (cf. Jacobs ef a/., J. Biol. Chem., 
1926, 70, i) it gives a reddish coloration in pyridine similar to that given by coumarin and 
angelicalactone. With alcoholic 2; 4-dinitrophenylhydrazine hydrochloride quassin gives 
an amorphous orange product which after purification by chromatography did not crystallise 
On the other hand, a crystalline 2 : 4-dinitrophenylhydrazone of slightly lower melting point 
was separated from the reaction mixture and, although this could not be recrystallised, it 
seems clear that quassin contains a ketoni group, a view supported by the behaviour of certain 
quassin derivatives in readily forming amorphous 2: 4-dinitrophenylhydrazones. Thus, of 
the six oxygen atoms, two are present in methoxyl groups, two in the lactone system, one as 
a keto-group (quassin does not give reactions of an aldehyde), and one as a hydroxy! group 
which is apparently tertiary since quassin cannot be acylated under the usual conditions 

Characteristic of quassin is the ease with which it is demethylated with warm acilic reagents 
When the compound is heated with 35%, or 4%, hydrochloric acid the main product of the 
reaction is norquassin C,,H,,0,(OMe) which behaves like a monohydric phenol, giving a pale 
red-violet ferric reaction and forming an acetate, and an orange-red product with benzene- 
diazonium chloride. On treatment with an excess of diazomethane norquassin is partly 
converted imto quassin but the main product of the reaction is an alkali-soluble, phenol-like 
isomeride of quassin which, like norquassin, is precipitated from its alkaline solution with 
carbon dioxide. This product, however, does. not react with benzenediazonium chioride or 
form an acetate under the usual conditions. With a warm mixture of concentrated hydro- 
chloric and acetic acid quassin is demethylated, giving bisnorquassin which gives a very weak 
ferric reaction, rapidly reduces Fehling’s solution, and forms a dioxime. Hisnorquassin, which 
on titration behaves as a monobasic acid, readily forms a diacetate, but with an excess of 
ethereal diazomethane appears to give only a monomethy! ether C,,H,,O,(OMe) which is not 
identical with the isomende formed by the methylation of norquassin. Bisnorquassin, which 
may have been the main constituent in quassic acid, m. p. 245° (Oliveri and Denaro, Joc. it., 
and Oliveri, joc. ait), probably identical with Clark's “ quassinol,"’ m. p. 263° (Joc. cif), 
obtained from impure quassin, m. p. 205-206", but the name applied by this author is not 
strictly definitive 

Although with aqueous-alcoholic sodium or potassium hydroxide quassin readily gives 
solutions of the corresponding salts of quassinic acid, the liberation of the parent acid results 
in the immediate regeneration of quassin. It was found, however, that on being boiled with 
5°, alcoholic potassium hydroxide quassin gave rise to a stable unsaturated monobasic acid, 
isoquassinic acid, C,.H,,O,(OMe),, together with a small amount of a second monobasic acidic 
product which has not yet been defined. tsoQuassinic acid, which is conveniently characterised 
by the formation of the methyl ester, readily forms an amorphous 2 : 4-dinitrophenylhydrazone 
and therefore appears to have retained the keto-group of quassin. As methyl tsoquassinate 
is insoluble in alkalis the hydroxyl group liberated by the opening of the lactone ring is 
alcoholic in character. On being heated tsoquassinic acid loses water, giving a neutral lactone 
which is not identical with quassin. When an alkaline alcoholic solution of crude potassium 
tsoquassinate was diluted with water and kept at room temperature for a long period 
oxidation occurred, giving a complex acidic mixture of which the main constituent was a dibasic 
acid, C,,H,,O,(OMe)}(CO,H), or C,,H,,0,(OMe)(CO,H),, characterised by the formation of 
a dimethy! ester 

Although attempts to hydrogenate quassin with a palladium-charcoal catalyst in neutral 
solution were unsuccessful it was found that in alkaline solution containing this catalyst it 
readily absorbed hydrogen giving rise to dihydroquassin, a neutral saturated compound which 
formed an amorphous 2: 4-dinitrophenylhydrazone. Similarly, with aqueous sodium tso 
quassinate the product was a saturated ketonic acid which has not yet been obtained pure 
In numerous experiments on the reduction of quassin sodium amalgam was found to give an 
amorphous product but when a highly active Raney nickel catalyst and hydrogen at atmospheric 
pressure were employed some neoquassin was formed. In attempts to improve the yield of 
the latter compound the use of hydrogen at 60 Ib. per sq. in. gave an oily product containing 
a solid, m. p. 210—211° (decomp). 

Neoquassin, m. p. 228°, is an unsaturated neutral compound containing one double bond, 
two hydroxyl groups (by the active hydrogen method), two, and possibly three, C-methy! 
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groups, and a ketonic group which reacts to form an amorphous 2: 4-dinitropheny!- 
hydrazone. Neoquassin, which is devoid of a vinyl or isopropylidene group, gives negative 
results with sterol reagents except the Liebermann-Burchardt test, in which, unlike quassin, 
it gives a magenta colour. It is also distinguished from quassim in giving a positive Tollens 
and a negative Legal reaction in pyridine as well as by the fact that it is not affected by boiling 
5% alcohole-potassum hydroxide. On treatment with hot 35% or 15%, hydrochloric acid 
neoquassin is partly demethylated, giving alkali-soluble norneoquassin C,,H,,O,(OMe), but 
bisnorneoquassin has not yet been obtained. Norneoquassin, which gives a deep violet-red 
ferr reaction, reacts with benzenediazoniuom chloride (azo-dye formation) and forms an 
acetate which s amorphous but which on deacetylation regenerates the parent compound 
Of the two hydroxy! groups in neoquassin one is reactive since the compound forms an ethy! 
ether with warm alcoholic hydrochloric acid and an acetate. As quassin does not behave in 
this manner it is clear that the hydroxy! group involved im these reactions is generated in the 
reduction of quassin to neoquassin. This view is confirmed by the observation that on oxidation 
with chromic acid neoquassin is converted into quassin, identical with the natural compound 
in the ethylation of neoquassin a small amount of a second product has been isolated which 
has not yet been examined m detail but is considered to be an isomeride of the ethyl ether 
When methanol hydrochionc acid is employed O-methyineoquassin is formed but this has 
not yet been resolved into two components 

In exploratory experiments on the dehydrogenation of quassin and neoquassin it has been 
found that when heated with palladium-—charcoa! neoquassin gives two neutral products which, 
from their composition, appear to contain the major part of the neoquassin molecule with but 
little loss of hydrogen. With selenium a phenolic fraction was formed from which a small 
amount of a monohydne phenol C,H,,O(OMe), m. p. 70°, was isolated. From a comparison 
of its ultra-violet absorption spectrum with the spectra of quinol, catechol, resorcinol, guaiacol, 
and dibydroeugenol, this phenol is regarded as being an alkyl derivative of either guaiacol 
(supported by ferric reaction) or resorcinol monomethyl ether rather than of quinol mono- 
methyl ether This product does not appear to be identical with either of the known isomeric 
alky! derivatives of guaiacol or resorcinol monomethyl ether, and a direct comparison has 
shown that it is not identical with synthetical 2-hydroxy-3-methoxy- or 3-hydroxy-2-methoxy- 
»propylbenzene (private communication from Dr. J]. P. Brown, late of this laboratory) or 
with 4-hydroxy-3-methoxyisopropylbenzene, the ‘synthesis of which will be described in a 
subsequent communication 

From the properties of quassinic acid, more especially its behaviour with alkalis, it seems 
probable that quassin is a lactone of the y- or 8-type. The regeneration of quassin from the 
salts of this acid with carbon dioxide find a close analogy in the behaviour of sodium o-hydroxy- 
cmmnamates in giving the corresponding coumarins under similar conditions. Consequently 
the double bond in quassin may be in the a$-position to the carbonyl group of the lactone 
system, a view which is in agreement with the positive Legal test (Jacobs ef a/., loc. cit.) and 
with the resistance of the compound to hydrogenation in neutral media in conjunction with 
the ready hydrogenation of sodium quassinate. On this basis, and on the assumption that 
the action of warm alcoholic potassium hydroxide does not modify the fundamental structure 
of quaswmic acid, tsoquassime acid can be regarded as the trans-form of the parent acid 


0. } 4H, 0 
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The etherification of neoquassin with alcohohe hydrochloric acid is remimiscent of the 
formation of acetals and thus we may consider O-ethy|lneoquassin to be a mixed acetal analogous 
to the methyiglucosides and to be represented by a formula of the type (I1; R = Et) with 
neoquassin as type (IL; R « H), structures which are in keeping with the resistance of neo- 
quassin and its ethers to the action of warm alcoholic potassium hydroxide. Further, this 
type of structure (I1; R « H) for neoquassin also affords a satisfactory explanation of its 
oxxdation to quassin of type (I) (cf. oxidation of O-dimethylcitromycinol, /, 1950, 1031) 
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Moreover, although the behaviour of quassin with alcoholic alkalis 1s consistent with the com- 
pound’s being an acidic enol, the latter group is excluded by the failure of quassim to give a 
ferme reaction and by the fact that a secondary alcohol arming by its reduction would not be 
expected to etherify under the conditions employed in the formation of O-ethylneoquassin. 
Chromophorically the difference arising from the change -CO-O- ——> *CH(OH)O would be 
expected to be slight, and in agreement with the relationship between the two compounds 
now postulated the ultra-violet absorption spectra of quassin and neoquassin are almost 
identical. On the basis of the lactone-hemiacetal relationship suggested for quassin and 
neoquassin, the conversion of the system -CO-O into ~CH(OH)-O» involves the introduction 
of a pew asymmetric carbon atom and hence neoquassin might be expected to exist in two forms 
capable of separation. Although this has not yet been detected the formation of two products 
on ethenfication of neoquassin may be found ultimately to arise in this way 

With regard to the methoxy! groups m quassin and neoquassin, which in their behaviour 
with acidic agents resemble a carbomethoxy-group, it seems justifiable to assume that they 
are present in a benzenoid or potential benzenoid system appearing as the phenol, m. p. 70°, 
obtained by dehydrogenation. In support of the compounds’ containing a dimethoxybenzenoid 
system it may be noted that the demethylation of certain veratrole derivatives and related 
ethers under comparatively mild conditions (Robinson and Cardwell, /., 1915, 107, 257; cf. 
Kostanecki and Edelstein, Ber., 1905, 38, 1507, and Stoermer, Ber, 1908, 41, 323) is somewhat 
analogous to the behaviour of quassin and neoquassin with warm acids. An alternative 
suggestion is that quassin and neoquassin contain a dihydrobenzenoid system and hence are 
di-enolic ethers of the type (III) or (IV) where the combined arrangement of the constituents 
R, R', R*, and R?® is such that the system cannot readily aromatise under the influence of acids 
This type of structure would account for the behaviour of the compounds with acids and, 
in particular, for the properties of the highly acidic bisnorquassin which to some extent re- 
sembles dihydroresorcinol. Unless a deep-seated change in the quassin molecule is caused 
by warm acids it is clear that the introduction of the second active carbonyl group, concerned 
in oxime formation by bisnorquassin, is a direct result of demethylation. An objection to the 
dihydrobenzenoid hypothesis is the fact that enolic ethers of the type (III) or (IV) are generally 
much more sensitive than quassin or neoquassin to fission with warm alkaline reagents. With 
regard to the carbon skeleton present in quassin and neoquassin it is clear that, if the com- 
pounds contain an aromatic-ring system, either attached at one carbon atom of or fused to 
another cyclic system, then, from the empirical formula and the functional groups present, 
the molecular structures can only contain one additional carbocyclic system together with the 
lactone ring. If, on the other hand, the compounds are dihydrobenzenes, type (III) or (IV), 
there must be two additional carbocyclic rings and the lactone system present 

The results described in the present work differ considerably from those obtained in the 
extensive experimental work of Clark (loc. cif.) Of the isomeric products isclated by this 
author it is now clear that the so-called quassin, m. p. 205-—-206°, and picrasmin were mixtures 
of quassin, m. p. 222°, and neoquassin, m. p. 228°, and that the composition of the mixture, 
m. p. 205-—206°, can be changed by fractional crystallisation. Further, the wood of Picrarna 
excelsa Planch. contains both quassin and neoqtassin. Of the other hand, Clark's neoquassin 
appears to have been almost pure. As can be explained on our results Clark, by means of 
chromic acid, was able to convert his quassin and neoquassin into isoquassin, m. p. 221°, which 
is almost certainly identical with quassin, m. p. 222°, but for which Clark adopted the empirical 
formula C,,H,,O, and not C,,H,,O,, remarking on the curious nature of the reaction. The 
identity of Clark's tsoquassin with pure quassin appears to be supported by his preparation 
of “ quassinol " C,,H,,O,, m. p. 263°, for which we prefer the more definitive term bisnorquassin 
Semidemethoxyquassin C,,H,,O,, m. p. 213°, which Clark obtained from his quassin, neo- 
quassin, and picrasmin would appear to be a mixture. Apart from the conversion of 1so- 
quassin into quassimol and except in so far as the reactions involve an oxidising agent the trans- 
formations tabulated by Clark in his memoirs must be discarded 

In a recent communication, which became available to us after the completion of the present 
work,* Adams and Whaley (J. Amer. Chem. Soc., 1950, 72, 375) have described the isolation 
of neoquassin, m. p. 220—231° and isoquassin, m. p. 222-225", by a chromatographic method 
Mainly with the aid of infra-red absorption spectra these authors have obtained evidence 
regarding the nature of the functional groups present in their eee 


* The results contained in the present communication were in theses submitted 


for he Dees of Bove oS Cay «Oey ae ey H. Worthington io 1900 and by De 
E. London in 1949. A. 
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EXPERIMENTAL 


Isolation of the Quassm-Neoquassnm Mixture —(a) Powdered wood of Quaersa amara Linn. (180 kg ) 
was extracted in batches (10 kg.) three tunes with hot water (35 1. for each batch), and the crude product 
was isolated’ from the aqueous extracts by a procedure sumilar to that of Clark (Joc. cat.) and crystallised 
emce from dilute methanol, yield, 120 g. of crystalline mixture, m. p. ca. 170-187 When a solution 
of this soled (40 g.) in hot methanol (400 mil) was dilated with warm water (400 mi. 6°) and filtered 
through a thin layer of charcoal, the filtrate deposited a crystalline product, mainly in plates (ca 20 g 
mp. 106-108 From the mother-lhquer, which had been heated and then dilated with warm water 
(900 mi. 60°). more crystalline solid separated, mainly in dense prisms, m. p. 205-209", and then on 
comeentration in 4a vacuem the aqueous-methanel liquor deposited further fractions of mixed crystals 
Hy « prolonged fractional crystallisation (50 times) from aqueous methanol the greater part of the 
starting materia! was ultimately separated into two main fractions —(4) a quassin neoquassin fraction 
which separated from dilute met of im micaceous plates, m. p. 213-5", (aR +370" (c, 151 in 
chloroform). unchanged on repeated recrystallisation, and (5) a fraction, mp. 219°, rich in neoquasisn 


(6) The charcoal contaiming the product absorbed from the aqueous extracts of the wood (52 kg.) 
was extracted in a large Soxhlet apparatus with boiling acetone, and after 15 hours the acetone extract 
was removed and replaced with fresh solvent This extraction was repeated eight times (until the 
charcoal was exhausted) and then by a stepwise concentration of the combined extracts in a vacuum 
a brown crystalline product was obtained. Alternatively, evaporation of the acetone extracts m a 
vacuum gave an amber syrup which set to a hard mass on cooling, yield, 150-175 g. Impurities 
were removed from either of these products by two methods. (i) A solution of the brown solid (65 g 
in chloroform (140 ml.) was poured on a column (28 « #0 cm.) of alumina and the colourless quassin 
nexqyeasain mixture washed through with chloroform (270-300 mi.) leaving a colourless zone at the 
bettem abowe which were narrow dark-brown, baffl. brown, and hght-brown zones. Concentration of 
the chloroform liquors gave a pale-yellow product (46 g.) which on crystallisation from ethyl acetate 
formed irregular plates (15 ¢.), m. p. 198-200, « second crop of crystals (17 g.), m. p. 188-193", was 
obtained by concentration of the ethy! acetate mother-lquor. (i!) A solution of the brown solid (45 ¢ 
in chieroform (180 ml) was vigorously agitated with alumina (225 g ), the mixture was filtered, the oxide 
was well washed with chloroform, and the combined filtrate and washings were evaporated tn a vacuum, 
leaving an almost colourless sold (33 g.) which was crystallised from ethyl acetate 


The alumina from these experiments was retained for the extraction of 4 smal) amount of a yellow 
compound Eluted with methanol a sample gave tiny amounts of a substance which formed pale 
yellow needles, m. p. 250.254", from aqueous methanol, giving a deep pink solution with aqueous 
wxtium hydroxide and a red colour with sulphuric acid (Found: C, 57-4; H, 52; OMe, 27-7% 


Separation of Quasun and Neogwassim (a) By chromatography The following is a typical example 


{ many experiments employing this methal which depends on neoquassin being slightly more strong}y 
adsorbed than quassin on alumina 4 solution of the pale-yellow or almost colourless crystalline 
mixture (10 ¢) i chiereform (25 mil) was poured on a column of oxnde (44 cm. » 2-5 cm.) and the 
chromatogram developed with chloroform watil the lower, very narrow. yellow-brown zone had almost 
reached the lower end of the column. Usually the chromatogram then consisted of a lower pale-yellow 
some, & broad, almost colourless, middle sone (approx. 30 cm. in length) and an upper series of narrow 
yellow to brown sones Examination of the column or photography in ultra-violet light emphasised 
the presence of the foregoing zones but failed to reveal any subdivision of the middie colourless zone 
Semilarty, staining the extruded column with a lateral streak of aqueous permanganate indicated the 
top and bottom zones but did not differentiate between sections of the broad colourless zone. It did 
however, indicate how far the development of the quassin neoquassin chromatogram had proceeded 
The colourless section of the column was arbitrarily divided into 4 parts which were eluted with hot 
methane!l, the lowest section gave almost pure quassin, m. p. 220°, the next two sections gave mixtures 
erystallising from aqueous methanol in plates and prisms, m. p. 201-.203° and m. p. 208-217", and 
the uppermost section gave a fraction. m. p. 220°, rich in neoquassin. By the repetition of this process 
with the artutrary division of the coloarless columns as indicated by experience it was possible to separate 
the mixture inte quassin, m. p. 222°, neoquassin, m. p. 228°, and several mixed fractions. the yields 

{ the fractions from 5) ¢. of mixture were respectively 10g. 13 ¢., and 24 g. (which could be resolved 
into the 2 constituents 


b) My the altali method A solution of the crystalline, mixed product (47-3 g.) in cold methanol 
(24) mi.) containing potassium hydroxide (12-5 g.) was treated with charcoal, filtered through a thin 
ot kieseiguhr, and diluted with water (1250 mi The crystalline neoquassin (12-8 g.), m. p. 219 
227", which began to separate immediately, was isolated 24 hours later and the liquor then extracted 
several times with chloroform (total vol., 500 ml), giving more neoquassin (10-25 g.), m. p. 220 On 
being saturated with carbon dioxide the alkaline liquor then gave a crystalline precipitate of quassin 
%2 ¢.) m plates, m f 218.220"; a further quantity (64 ¢.) was obtained by extraction of the liquor 
several times with chloroform (total vol, 400 ml! From the residual aqueous liquor, which had been 
shtifed (Congo-red) with hydrochloric acid, a brown resin (3-5 g.) was isolated with chloroform. Thus 
btarmed, quassin and neoquassin were either purified by recrystallisation from aqueous methanol or 
again subjected to the methanolic potassium hydroxide treatment, followed by recrystallisation. By 
this process the crude mixture (47:3 g.) gave quassin (14 g.), m. p. 222°, and neoquassin (21 g.), m. p 
228 
A solution of the brown resin (3-5 g.) in benzene was poured on to a short column of alumina. The 
tumn was well washed with benzene and then chloroform and the combined washings evaporated 
na vacuum, leaving a compound which separated from alcohol in short needles or from benzene light 
petroleum \b. p. 60.80") in hexagonal prisms (0-43 ¢.). mp. 246-248" (decomp.), giving a negative 
ferme reaction Pound, in a specimen dried in a high vacuum at 80°. C, 67.5; H, 68; OMe, 15-68%; 
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M, 38. C,,H,O (OMe), requires C, 67-4, H, 70; OMe, 166%; M, 374). This compound, which 
readily forms an amorphous 2 4-<initrophenylbydrazone, is easily soluble in cold chloroform or acetone, 
moderately soluble in benzene, ethy! acetate, or alcot 4, and insoluble in aqueous sodium carbonate 
it dissolves slowly in cold 2N-aqueous sodium hydroxide, forming pale-yellow solutions from which 
it 1s not precipitated by carbon dioxide 


Quassin. — Purthed either by the chromatogr ic of the alkali method, this compound separated from 
aqueous methanol in transparent rectangular plates, m. p. 222°, («)f + 34-5" (c. 5-08 in chloroform), 
Awes. ~255 ma., ES ~BOO, t... ~11,650, giving a negative ferric reaction in alcohol or water [Pound 
C, 67-9; H, 73; OMe, 16-6. Calc. for C.H,,O,(OMe),: ©. 680; H, 7-2; OMe, 160%). It is readily 
soluble mm cold acetone, chioroform, p ine, or acetic ackl and in warm ethy! acetate, benzene, or 
alcohol, and ey soluble in ether or light petroleum. A solution of quassin in alcoholic hydrogen 
chlonmde contaming 4-dinitrophenylhydrazine hydrochloride, which had been kept for 4 days and 
then filtered, slowly deposited an orange product. The first crop was an amorphous orange solid, m. p 
4 (decomp.) after sintering at 160 This was followed by an orange microcrystalline compound, 

m. p. 185° (decomp.) after sintering at 164° (Found: N.@7. C,,H,,O.N, requires N, 7%). Attempts 
to crystallise the crude product were unsuccessful before or after chromatography from benzene on 
alumina and elution with chloroform; it separated from hot alcohol as an amorphous orange solid, 
m. p. 198-199". Specimens of this derivative prepared from quassin which had been isolated reapec 
trvely by chromatography and by the alkali method appeared to be identical and on admixture formed 
a single orange zone on chromatography 


Neoquassin.—Obtained from the crude extract cither by the chromatographic or the alkali method, 
neoquassin crystallised from aqueous methanol in thick prisms, m. p. 227 228-5", ja F +410" fc, 
408 in ny Anas ~255 mu., Ey ~308-6, to, ~12,0460, giving 4 oo ferric reaction 
Found 6746: HH, 78. OMe, 160 Tale for CyH,,O0,(OMe),: C, 67-7; H, OMe, 156-0% 
In its A with organic solvents neoquassin Closely resembles quassin but it is on general slighty 
less soluble ee foe ae ated in long, narrow plates (almost needle-shaped prisms), 
m. p. 213° (Found. ¢ OMe, 160%, M, 396), which had the same specific rotation as 
the prismatic form Dy on being kept m contact with the mother-liquor slowly changed into thick 
prisms, m. p. 227-5--228-5°. Slow crystallisation of neoquassin from dilute methanol appeared to 
favour the separation of the stable, and — crystallisation of the metastable, form. The most satis- 
factory conversion of neoquassin, m. p into the form, m. p. 227-5-—228-6", is effected by the 
addition of water (3 vols.) to a solution in cold 5% methanolic potassium hydroxide = In the course 

{ 12 hours neoquassin separates almost quantitatively in thick prisms, m. p. 227-6-—228-5". 


When a solution of neoquassin (0-5 g.) in alcoholic potassium hydroxide (0-7 g. in 12-5 ml. of alcohol 
and 1-5 ml. of water) was heated under reflux on the steam-bath for } howr and diluted with water 
( ml.), the compound, m. p. 226-227", was quantitatively recovered 


Acetylation of neoquassin (0-25 g.) with pyridine (0-7 ml.), and acetic anhydride (1 mi.) at room 
temperature for six days followed by decomposition of the unchanged anhydride with ice- water gave 
the acetate, which separated from ethyl! acetate—light petroleum (b. p. 60-—80°) in tiny colourless prisms 
m. p. 213-215" (Found: C, 667; H, 70. C,,H,O, requires C, 66-7; H, 74%). This experiment 
sometimes failed to give the acetate, which was readily hydrolysed 


Norquassin.—<Quassin (1 g.) was heated under reflux With 35%, hydrochloric acid (60 mil.) for 1h 
hours and the covled solution, which had deposited a white « stalline solid, was partially neutralised 
(acid to Congo-red) with 2N-aqueous sodium hydroxide. Next ‘lay the solid, m. p. 239-.240° (decomp.), 
was collected, well washed with water, and TT from aqueous methanol, giving norguassm in 
colourless parallelogram-hke plates (0-56 g.) ~s 241-5— 242.5" (decomp ). ‘e nh +436" lc, 721 in 
chloroform) Found, in a specimen dried in a igh vacuum at 80°: C, 67:3 1, 70, OMe, #5 
CgeltyO,(OMe) requires C, 67-4; H, 70, OMe, § 3%), which gave a pale red-vinlet ferric reaction in 
alcohol and on admixture with quassin had m p. 200-220°. This compound is easily soluble in aleohol 
ethy! acetate, or chloroform, sparingly soluble in benzene, and insoluble in light petroleum. It dissolves 
very slowly in aqueous sodium carbonate and readily in aqueous sodium hydroxide; the alkaline 
solution reacts with benzenediazonium chloride, giving an orange-red product Acetylation of nor 
quassin (0-1 g.) with acetic anhydride (0-8 ml.) and pyridine (1 mil.) at room temperature for 24 hours 
gave the acetate, which formed transparent plates, m. p. 236°, from aqueous methano!, having a negative 
ferric reaction (Found, in a specimen dried in a high vacuum at #0 = 66-3; H,65. C,,H,,O, requires 
©, 663, H, 67%) 

An excess of ethereal diazomethane was added to norquassin (0-2 g.) in methanol (18 ml.) at 0°, and 
three days later the solution was evaporated in a vacoum and the residue thoroughly extracted with 
N-aqueous sodium hydroxide. leaving an alkali-insoluble product (0-05 ¢.). Crystallisation of this 
from aqueous methanol gave quassin in charac wy 3 rectangular plates, m 221—-222° undepressed 
on admixture with an authentic specimen (Found 676, H, 7-3; OMe, 146-5%). On being saturated 
with carbon dioxide the alkaline extracts of the tate methylation product gave a compound (0-15 ¢ ) 
m. p. 204°, which, on repeated crystallisation from pomens methanol, formed colourless needles, m p. 
219-5 220-5", readily soluble in aqueous sodium hydroxide, luble in di hydrogen 
carbonate, and giving a negative ferric reaction (Found: C, 67-6; H, 75%). This compound, which 
failed to react with benzenediazonium chioride, did not form an acetate, or a p-nitrobenzoate. 


Bisnorquassin.—A mixture of quassin (0-5 g.), acetic acid (5 ml.), and concentrated hydrochlorn 
acid (1-5 mi.) was heated on the steam-bath for one hour; after ten minutes an amber-coloured solution 
was formed which ly darkened and became opaque (deep blue-green in thin layers). The hot 
mixture was with water (6-5 mil.), treated with a little charcoal, and filtered. On cooling the 
pale-amber filtrate deposited bisnorquassin in short rectangular plates (0-33 g.), m. p. 263°, which on 
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recr lisat from aq acetic acid and then ethy! acetate or alcohol had m. p. 263—264", 
(a) B. +696" (¢, 0 841 ip acetone), giving a pale- ferric reaction im alcoho! (Found, in a specimen 
dried ma vaceum at 105° , 69, HL, 67. Cale. tor CLH,O,: C, 67. H, 67 This 
Compound. —_: a deep crange-red uct with benzenediazonium chioride, readily rived 
im aqueous sodium hydroside of sodium hydrogen carbonate. With acidic 2 4-dimitrophenylhydrazine 
hydrochloride it gave a prodect which ated from alcohol in canary-yellow, rec ular plates, 
m. p. 211-212" (decomp.} (Found : C, 630; H, 50; N, 06. Caic. for C,,HyON,: C, 47-8, H, 52; 
N, 104%). By the pyridime-acetic anhydride method bisnorquassin furnished the diacetate which 
formed colourless prisms, m. p. 232°, from alcohol, insoluble in alkali and | ne a negative ferric 
reaction Pound, m a specimen dried in a high vacuum at 106": C, 66-2; H, 65; Ac, 184. Cale. for 
Cog Ac), C, 649; MH. 63: Ac, 194%). Oximation of bisnorquassin (0-5 g.) with hydroxylamine 
hydrochloride (1g) and pyridine (10 ml.) on the steam-bath for two hours followed by the addition of 
dilute acetic acid (100 ml) to the cooled mixture gave the drowime in tiny . very ringly soluble 
im the uswal organic solvents, forming a yellow solution in aqueous cuthemn tydeuaide ent giving a 
negative ferric reaction in alcobol. On the addition of methanol or alcohol to its solution in the 
minimem amount of pyridine at 100°, this derivative separated in colourless needles, decomposing at 
308...310° (Pound, in specimen dried in a high vacuum at 100°: C, 61-4; H. 69; N74. CyH,,O.N, 
requires C, 61-6, H.@7, N, 72%) 


imouassioss Acid.-A solution of quassin (0-5 g.) in N-alcohol« potassiom hydroxide (12 ml. ; 
contameng 1-6 mi. of water) was heated wader reflux for § hour in an atmosphere of nitrogen, diluted 
with water, heated on the steam-bath to evaporate a part of the alcohol, cooled, and extracted with 
chioretorm (20 mil. « 3) to remove a smal! amount of a neutral product. After the addition of more 
water (20 mi) the solution was saturated with carbon dioxide, extracted with chloroform (3 « 20 mi.) 
to remove a trace of phenolic product which had a faint odour reminiscent of guaiacol, acidified (Congo- 
red) with concentrated hydrochloric acid, and again extracted with chloroform (3 x 20 ml). Evapor 
ation of the dried chieroform extracts and crystallisation of the acidic residue (0-45 g.) from ethy! 
acetate light petroleum (bp. 80-100") gave isogwassmtic aetd in colourless hexagonal prisms (0-15 g.), 
m. p. 206° (decomp), having a negative ferric reaction in alcohol [Found, in a specimen dried in a high 
vacuum at #0 c, 46, H, 76: OMe, 145%; M (Rast), 394; equiv. (by titration), 404, 3958. 
Cyl, O (OMe), requires C, 650, H, 74.) OMe, 153%; M, 406). This acid is sparingly soluble m 
cold water and readily soluble in aqueous sodium hydrogen carbonate with the evolution of carbon dioxide 
It rapidly decolorises aqueous potassium permanganate and forms an amorphous yellow-orange 
precipitate with acidic 2 4-dinitrophenylhydrazine hydrochloride but does not reduce Fehiimg 's solution 
or form an azo-dye with bengenediazonium chloride. Prepared quantitatively with diazomethane, 
methyl isoquasmnale separated from methanol in equat prisms, m. p. 180--181° (Found: C. 65-9, H, 
78; OMe, 21-7. CHO (OMe), requires C, 657; H, 76, OMe, 22-1% 





When isoquassimic acid was heated to 200—220° there was considerable frothing, and after § hour 
the brown residue was cooled and crystallised from aqueous methanol, giving a neutral product in 
needles, m. p. 244°, insoluble in water or cold 2~-aqueous sodium hydroxide 


Evaporation of the ethyl! acetate-light petroleum mother-liquors from quassimic acid left a light- 
yellow of]. Slow spoetaneous evaporation (several weeks) of a solution of this oi in the same solvent 
gave a second monobasic acid in colourless needles (40 mg. from 2 g of quassin), m. p. 220— 221°, which 
on recrystallisation, however, had m. p. 215° Found: C, 660; H, 7-8%,; equiv. (by titration), 442 


Inbaste Acid from Quassn —A mixture of quassin (2 g.), N-aleoholic potassium hydroxide (48 ml), 
and water (6 ml.) was heated ender reflux for 4 hour, diluted with water (100 mi), and kept at room 
temperatare for 6 weeks By the procedure employed in the case of quassinic acid there was isolated 
from this mixture a neutral product (30 mg.) and phenolic material (80 mg.), leaving an aqueous liquor 
which was acidified (Congo-red) and decanted from resinous acidic precipitate. From the acidic liquor 
chiereform (5 © 15 ml.) extracted a yellow solid which was triturated with ethy! acetate (8 ml.). giving 
an acid in needles (0-23 g.), m. p. 273° (decomp A further quantity of this acid (0-2 g.) was obtained 
by clearing a solution of the resinous precipitate in aqueous sodium hydrogen carbonate with a little 
charcoal followed by acidification and extraction with chloroform. Kecrystallised from ethy! acetate 
the dibasic acid formed colourless needles, mp. 282-283° (decomp.), giving a negative ferric reaction 
and slowly forming an acidic solution in cold water (Found: C, 509; H, 64; OMe, 63%, equiv 
(by potentiometric titration), 207; M, 414. C,,H,,O,(OMe)(CO,H), requires C, 59-7; H, 62; OMe 
73%; equiv.. 211; Af, 422. C,,H,,O,(OMe «CO,M), requires ob: H, 66; OMe, 7:3%). This 


acid, which gave an a es 2 4-dinitrophenylthydrazone, is soluble in hot methanol or alcohol 


and sparingly soluble in chloroform. Prepared with an excess of ethereal diazomethane, the dimethy/ 
ester separated from aqueous methanol in colourless needles, m p 218", insoluble in aqueous sodium 
hydrogen carbonate but readily soluble in dilute aqueous sodium hydroxide (Found: C, 61-1; H, 7-1 
OMe, 204. CyH,,O OMe), requires C, 61:3, H, 67, OMe. 20-7. C,H,,O,/OMe), requires C, 61-1 
H. 7-1; OMe, 20-64 


Nowmeoquassin A mixture of neoquassin (1 ¢), water (54 mi.), and concentrated hydrochloric 
acted (6 mil) was gently heated under reflux for 1) hours. Considerable frothing occurred daring the 
early stages of the reaction but the evolution of carbon dioxide could not be detected. On being kept 
the cooled reaction mixture deposited sorneoguassin in colourless prisms (0-78 g.). When the filtrate 
from this product was almost neutralised (acid to Congo-red) a farther quantity (0-06 g.) was obtained 
Recrystallised from aqueous alcohol or a little ethyl! acetate, the compound formed colourless rectangular 
plates, m 212° |Found, in a specimen dried im a high vacuum at 110°: C, 66-7; H, 7-5; OMe, 85 
C,H,,0,(OMe) requires C, 670; H, 7-5; OMe, & 2%. soluble in aqueous sodium hydroxide but not in 
aqueous sodium carbonate and giving a deep violet ferric reaction in alcohol, and a red azo-dye with 
henzenediazonium chloride. The acetylation product was an alkali-insoluble, white amorphous solid 
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whieh contd, net be cxyyteliiens ond exgeneented eemmequeaia en lgdesiyels wl exld Seaquens 
alcoholic sodium hydroxide 


was aloo prepared by heating neoquacsin with 18% hydrechloric acid on the steam- 


Norneoquassin 
wat 1g hours 


om. —Conceotrated hydrochloric acid (2-25 ml.) was added to a solution of neoquassin 
ae . »| (22 mil.), and the mixture cooled immediately to room temperature, mS for four 
ys, almost ‘counaiied, and diluted with water (vol. of water and alkali added, 44 mi) On eine 
kept at 0° for one hour the mixture deposited a crystalline product (0-92 g.), m. p. 170-100", whic 
ae from light petroleum in irregular plates, m. p. ory Fractional crystallisation of this 
materia! trom $s methanol followed by dilute acetic ac a gave Qepeorazectin in long pomted 
tes, m. p in 192" ‘Found: C, 686; H, &1; OAlky! 103 oa telon. a KORE) requires C, 
9; H, &1; OAlkyl, 11-5%), along with a small amount of a second m. p. 201-5-—202-5", 
and a little unchanged neoquassin. A mixture of ethylneoquassin and the second product, m. p. 201.5— 
202-5", melted at 170. is, 


It was found that repeated crystallisation of the crude nm ene gy ie Site acetic acid and 
then dilute alcohol gave a product in elongated rectangular lates, m. p. 178", which a wenmapees 
to Clark's “ o * (lee, ett.) (Pound: C, 68-6; H, 7-9%). When the akohol was rep ed 
% -methyineoquas . forming dense —_—S p. 156°, from dilute methanol 

‘ound, in a specimen dried in a high vacuum at 110°. C, 68 80; OMe, 23-1. CHO (OMe), 
requires C, 68:3; H, 7-9; OMe, 23-40%). This compound, which ioeely resembled O-ethylpeoquassin, 
was accompanied by a smal! amount of a substance which separated from the mother-liquor in long 
prisms, m. p. 170°. 


Oxidation of Neoquassin.—A warm solution of potassium dichromate (1 g¢) in acetic acid (10 mi.) 
was added to neoquassin (1 g.) in the same solvent (6 ml.) at about 56°, and the mixture kept for four 
days at room temperature, diluted with water (30 ml.), neutralised with potassium carbonate, and 
extracted with chloroform (5 x 65 ml.). Evaporation of the combined dried extracts left a 
yellow residue (0-74 g.) which, on crystallisation from dilute methanol and then ethy! acetate-light 
petroleum (b. p. 60-80"), gave quassin, m 222° oe ye on admixture with an authentic 
specimen, (6 +345" (¢, 5-09 in chloroform) (Found: C, 67-0; H, 76; OMe, 148%). Mixed with 

q ited at 205—.207° 


aor se of Quassin.—{a) The absorption of hydrogen by quassin (0-25 g¢.), dissolved in 
alcoho! (10 ml.) comtaming an active Raney nickel catalyst (2 g.), ceased in about minutes. On 
isolation the ee was po into unchanged quassin, m. p. 222°, and neoquassin, m. p. 228°, 
by the alkali method; yie { neoquassin, 25°, x. theoretical. Thus prepared, neoquassin formed 
characteristic thick prisms, m. p and mixed m. p (a) +41-4° (c, 1-22 in chloroform), from aqueous 
methanol (Found: C, 67-6; H. 78%). On any thn J with 3.5% hydrochloric acid this specimen 
of neoquassin gave Norneoquassin 


(6) A solution of quassin (0-5 g.) in 5% methanolic or alcoholic potassium hydroxide (5 ml.) was 
dilated with alcohol (5 mil.) and water (30 ‘ml ), and agitated with hydrogen and a palladium charcoal 
catalyst (from 1 g. of charcoal! and 0-06 g. of ladium chloride) for one hour, approximately one mol 
of hydrogen was absorbed. The filtered solution was saturated with carbon dioxide and extracted 
several times with chloroform. Obtained from the dried chloroform extracts, dihydroguassin separated 
from water and then alcohol in large glistening plates which contain solvent of crystallisation and, on 
being slowly heated, melted at 106°, owe and then melted at 154° (Found, in a specimen dried 
in a high vacuum at 80° and then at 110°: 67-8; H, 77; OMe, 131. C,H,yO OMe), requires C, 
67-7; H, 7-7; OMe, 15-09%). This com nd, which behaved asa lactone, did not give a ferne reaction, 
form an azo-dye, or decolourise neutral or acidic aqueous pot per 


Attempted Dehydrogenation of N ssin.—(a) An intimate mixture of —— (10 g.) and 
powdered selenium (30 g.) was kept at 220-—-240° for § hour and then at 330° for 20 hours, and extracted 
with boiling ether. The washed and dried extracts were evaporated and the residual brown oil distilled 
over a little sodium in a high vacuum, giving a pale-yellow phenolic oil (0-1 g.), b. p. 70° 0-2 mm., 
which readily crystallised. After having been drained on a tile this phenol was purified by sublimation 
in a high vacuum at 60° /0-15 mm. and obtained in colourless needles, m 7, easily soluble im aqueous 
sodium hydroxide and insoluble in aqueous sodium hydrogen carbonate | ound: C, 725, H, #8 OMe, 
14-4. C,H,,O(OMe) requires C, 72-3; H, 84; OMe, 18-7% With alcoholic ferric chloride it gave 
a greenish-yellow coloration 


x A mixture of neoquassin (1 g.), p-cymene (0-6 ml.), and palladium-charcoa! (Zelinsky and Pollak, 
1925, 68, 1208) (0-25 g.) was heated (oil-bath at 250°) for two hours in an atmosphere of carbon 
poe bn The cooled mixture was extracted with ether and then with hot benzene, and the combined 
extracts were washed with 2N-aqueous sodium hydroxide to remove a trace of alkali-soluble product, dried, 
and evaporated, leaving an orange residue which ‘separated from a little warm alcohol asa yellow on 
solid (65 mg.), m. p. 220-230". A benzene solution of this product, which did not form a picrate, was 
poured on a column of alumina and the chromatogram deve with chloroform, giving « lower 
colourless zone and an upper yellow zone. Elution of the yellow zone with chloroform-methanol 
yielded only a trace of a yellow solid which gave a blue coloration with cold concentrated sulphuric 
acid changing to violet in warm acid. The colourless zone furnished a solid which was w with 
a little ether and crystallised 7 ethyl acetate, th a substance in colourless prisms, m. p. 253° 
(Found: C, 70-8, H,60%; M (Rast), 352. Cak ,H,0,: C, 708; H, 68%; M, 356 


The residue left on ouaguestinn of the alcoholic y= remaining after the purification of the crude 

dehydrogenation product was chromatographed on alumina from chloroform—benzene (1: 3) and the 

column washed with benzene Evaporation of the washings left an orange residue which on crystallis- 
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ation from a little alcohol gave more of the yellow solid, m. p. 220—230°, containing the foregoing 
compound. m. p. 253 

shaped prisms, m p 
Cake. for CFL.H,.O, 


Addition of ether to the alcoholic filtrate precipitated a substance in wedge 
182.183", after sublimation Found C, 60-6; H, 7-6, 70%: M (Rast), 305, 361 
603. H. 76%: M Me 


Univessiry oF Livesroc 


Recewwed, July Bist, 1950 


674. The Rotatory Dispersion and Circular Dichroiam of ( —)-2-Chloro- 


2-nitrosocamphane and the Pyridine Salt of (+ )-2-Chloro-2-nitroso- 
camphane-10-sulphonic Acid. 


By Stroruerp Mircewe:t, J. 5. Warson, and (in part) W. Duxtor 


Continuing our search for substances suitable for asymmetric photolysis, we have prepared 
two new chioro-nitrose-terpene derivatives which show the Cotton effect 

For ( 2-chloro-2-nitrosocamphane (in alcohol) a) esas +964". 4 vise 046°, and the 
anisotropy factor (g) reaches —0-15 at 72004. When in solutiop the compound is stable if 
kept in the dark, but irradiation with red light causes ecrted of the rotatory dispersion 


urve. The pyridine salt of (+)-2-chloro-2-nitrosocamphane-l0-sulphonic acid does not 
mutarotate in this way In methy! alcohol it has + 805 4 636°. and 


* «a 
¢ + O07 at G2M) « 


ad 
NITROSO-COMPOUNDS, In which the nitroso-group is attached to an asymmetnc carbon atom, 
exhibit the Cotton effect when pWesent in solution as simple molecules. Chloro-nitroso- 
compounds of the type R-CR’'CI-NO are always unimolecular, and one of them (in which 
R « PhCH, and K CHyCHyCO,H) has recently been resolved by Mitchell and Naismith 
(J., 1949, 3116). The anisotropy factor was smaller, however, than that obtained by Mitchell 
and Cormack (/ , 1932, 1415) for bornylene nitrosite (a white bimolecular compound which gives 
blue solutions on warming) and it was thought that if some chloro-nitroso-terpenes could be 
prepared they might furnish interesting examples of the Cotton effect 
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on of | 2-cAloro-2-nitrosocamphane in alcohol 


280 ¢ 100 mi); i 1 dm.; ¢ is 


jae 
yim 
oan 


Seoo 
+ 1-92 
- is6 


S700 
+216 


771 


Sao 5So0u 
+ 2-45 2-05 
S75 wee 


in 
2-70 


- Ot 


elo A200 
~um 
» a9 
oon om 
+215 


Tt. 


(hw 
» 0-05 
330 


6700 
OOS 
179 


oat 
175 


“2 aM 


én 


famine Il 


Corcedar dichrousm and absorption of | 2-chloro-2-nutrosocamphane in alcohol 


e ¢,,. comcn ooOlainu und for ¢. concn 0 0680 


A & . , 


aon 
ohm 
so7yuo 
Sau 
Sooo 
onan 
é6loo 
ano 
6g 
eau 


6550 
jen 
665) 
6700 
én 
600") 
Ta 
Tho 


q €, 
Oss 
ou 
Dos 
14 
bla 
1416 
eas 
OSS 


O37 


s 
o-oo 
0oO73 
oom 
0-09) 
OOgs 
119 
o137 
OM 
oleae 


—~me Sem rsterehs « 
22-2222 222 


Ta o27 


01% 


Following the procedure of Mitchel! and Dawson (/., 1944, 452), we dissolved camphor oxime 
dry ether and passed in chlorine. The solution became blue and then green, and 
the oxime hydrochloride which separated was filtered off. Removal of the ether gave a blue 
wlid which showed the Cotton effect (in alcohol) with a rotation maximum at about 60004. 
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but [t)esss Varied between + 100° and + 200° in different preparations. When the oxime 
hydrochloride was used (instead of the oxime) in a large excess of ether, the resulting product 
had [2) ses9 700", and chromatographic treatment finalfy raised it to 064°. We concluded that 
the compound was 2-chloro-2-nitrosocamphane because of (a) the method of preparation, (b) the 
blue colour, ‘c) the analysis which agreed with C,,H,,ONCI, and (d) the product of photo- 
omidation (C,:4,,0,NCl) which closely resembled the chloronitrocamphane prepared by Forster 
J, 1900, 77, 263) by acting on camphor oxime with a solution of sodium hypochlorite 

Rotation and circular dichroism readings were taken for a number of wave-lengths with the 
apparatus described by Mitchell and Simpson (/., 1940, 784), and absorption data were obtained 
with a Unicam spectrophotometer. The results are set out in Tables | and Ht— 

During the work on rotatory dispersion, it was observed that solutions of (—)-2-chloro-2 
nitrosocamphane are abnormally sensitive to red light (in the absence of oxygen), so the following 
experiment was carried out. An alcoholic solution of the compound (0-030 g./10 ml), in a 
1-cm. cell closed with a ground stopper, was exposed to light (from a 1000 ¢ p. Pointolite lamp) 
which had passed through a condensing lens, a circulating water filter, and a piece of red glass 
Table III gives ag, after the periods of irradiation stated 


Taste Ill 


Mins 15 » *” rm) 105 165 225 405 6m 


v 
@euns +2-30° »-Oo8 +-O13 oR oi om oss oes o7e 061 


it is evident from these results that two processes are going on simultaneously—(1) fairly rapid 
mutarotation and (2) slow photolysis. This is the first case of photochemical mutarotation 
among chloronitroso-compounds, but they all undergo photolysis on exposure to red light 
Fig. 1 shows the rotatory dispersion at the beginning (curve 1) and after 15, 30, and 165 minutes 
of irradiation (curves 2, 3, and 4). An inversion of the original Cotton effect has thus been 
produced. The mechanism underlying this inversion is of some importance and is being 
investigated further 
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From the standpoint of asymmetric photolysis, the most encouraging feature of (— )-2-chloro- 
2-nitrosocamphane is the large anisotropy factor and the mutarotation is an unfortunate 
complication, It was thought that a more stable molecule might be obtained if instead of 
camphor we used camphor-10-sulphonic acid as starting material. Its oxime did not dissolve in 
ether so we tried pyridine as solvent, and this led to the isolation of the pyridine salt 
of (+)-2-chloro-2-nitrosocamphane-1l0-sulphonic acid. After three crystallisations from 
alcohol, the rotation (at 6000 4.) and the melting point became constant. No mutarotation was 
observed when solutions of this compound were irradiated with red light. Rotatory dispersion 
circular dichroism, and absorption readings were taken (in methy! alcohol) and are shown in 
Tables IV and V. 
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Tasuz IV 
Rotatory dispersion of the pyridine salt of ( +)-2-chloro-2-nitrosocamphane-10-sulphomic acid sn 
methyl alcohol 
220 g./100 ml, l @ Ldm.; t= 1s 
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Curcular dichroism and absorption of the pyridine salt of | + )-2-chloro-2-mitrosocamphane-\0- 
sulphonic acid tm methyl alcohol 
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Discussion of the Results rhe data for | 2-chloro-2-nitrosocamphane are given 
graphically in Figs. 2 and 3, and those for the pyridine salt of (+ )-2-chloro-2-nitrosocamphane- 
10-sulphonic acid in Figs. 4 and 5. Rotatory dispersion curves (full line) and circular dichroism 
curves (broken line) are given in Figs. 2 and 4, while curves of absorption (full line), circular 
dichroism (broken line), and anisotropy factors (dotted line) are contained in Figs. 3 and 5 
To make Fig. 3 more compact and to facilitate comparison with Fig. 5 we have plotted negative 
values of o - «, and of g upwards 

For (—)-2-chloro-2-nitrosocamphane (Fig. 2) the rotatory dispersion curve crosses the axis 
of zero rotation at about the same wave-length (~—6700,.) as the circular dichroism curve 
passes through its negative maximum, but in Fig. 3 the maxima of circular dichroism and 
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absorption do not coincide (¢,., being situated at about 65504). This has a considerable 
effect on the anisotropy factor (g) which reaches — 0-15 on the long-wave side of the 
band. Somewhat similar results were obtained for camphor by Kuhn and Gore (Z. paysikal. 
Chem., 1931, B, 12, 389) and for camph Iph acid by Lowry and French (/., 1932, 2645). 
With the pyridine salt of (+ )-2-chloro-2-nitrosocamph 10-sulphonic acid (Figs. 4 and 5) 
the Cotton effect is inverted, and (e — mer, Seas. 204 geey are all situated near 6250 a. 
where (a) =O. This partly explains why g..; has a smaller value (0-07) than in Fig. 3. 
Another reason is the increase in ¢,.,. (from 12°9 in Fig. 3 to 194 in Fig. 5) 
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EXPERIMENTAL. 

Camphor Oxime Hydrochloride.—The oxime of ( +) hor was obtained essentially as described by 
Auwers (Ber., 1889, 22, 605) and had m. p. 118°. The hydrochloride was prepared by ae oF 
hydrogen chloride into a solution of the oxime in dry ether cooled to 0". The precipitated hydroch. 
was onanes off, and after crystallisation from alcohol had m. p. 160°. 

( — )-2-Chloro-2-nstrosocamphane.—A solution of 1 g. of camphor oxime yoy | in 500 mil. of 
dry ether was cooled in ice, and dry chlorine led in until the solution had become dar (about 
2 hoars). On removal of the ether, the remaining blue solid was crystallised from af y! alenhol 
A 5% solution of the crystals ([4) esq —700°) was passed through an alumina column (60 cm. long and 
lcm. in diameter) and gave a product which after further crystallisation from methyl alcohol had =P 
127° (decomp.) and [a) ess = * (Found: C, 50-6; H, 76; N,609. C,H,,ONCI requires C, 50-7; 
H, 7%, N, 69%). For this preparation it is necessary to carry out all the operations in subdued light. 

Photo-oxidatiom of ( —)-2-Chloro-2-nitrosocamphane.—When a solution of the chloronitrose~« nd 
(0-2770 g. in 10 mi. alcohol), in a cell attached to a gas burette containing a. was irradiated with 
red light, 15-57 ml. of the gas were absorbed (at N.T.P.), and the blue solution ame colourless. For 
conversion into the chloronitro-compound 15-39 ml. are required. A white crystalline substance (m 
217°) was recovered from the solution (Found: C, 553; H, 76. Cale. for C,.H,,O.NQ: C, 56 
H, 7-4%) 

Pyridine Salt of (+ )-2-Chlovo-2-nutrosocamphane-10- sul ic Acid.—The oxime of ( +)-camphor-10- 
ae acid was prepared as described by Reychier (Bull. Soc. chim., 1898, 19, [ini), 126) and had 

p. 180°. 4.G., dissolved in 10 ml. of pure pyridine, were cooled to —-10° and chiorine was 
sly into the solution until a deep blue-green colour had developed. The resulting semi-sol 
was filtered, leaving a blue salt which was washed with ether and dried on porous plate. On 
pa ney oe from alcohol, it had m r. 150° and, after three further crystallisations from the same 

vent, the long blue needles melted at 155° (Found : C, 49-0; H, 56, N,70 C,,H,,O,N,JCIS requires 
C, 49-9, H, 5&8; N, 7-8%). 

( +)-2-Chioro-2-nitrosocamphane-10-sulphonic acid was obtained from its pyridine salt by addition 
of cold concentrated hydrochloric acid. It was difficult to purify, however, as it did not crystallise well 
from any of the ordinary solvents. 


The microanalyses were carried out by Mr. J. M. L. Cameron and Miss KR. H. Kennaway. 
Universtry of Giascow. (Received, August 1st, 1960.) 














5444 Sharpe: Simple and 


675. Simple and Complex Fluorides of Some Noble Metals. 


By A. G. Swarr 


Bromine trifluoride has been used as flucrinating ageat im the preparation of platinum 
tetrafluoride, rhodiem tetrafiuoride, and palladium trifluoride from halzdes of these metals 
Piatinam tetratluoride dissolves in the reagent, ae compound PtBr,F ,,.. which undergoes 
nye reaction with potassium tetraflucrobromite (bromotetrafluorme!, forming a mixture 
rom which pure potassium hexafluc latinate may be separated by a procedure based on the 
widely different rates of hydrolysis of PtP, and the (PtF,’-~ ion. Rhodium tetrafluoride and 
mye re triftucride also yield complex fluorides, but these are unstable to water and have not 

nm obtained Complex fluoride ions are generally the least stable of complex halide was 
of noble motale, the stability increasing from fluoride to todide; the value of this stability 
sequence is illustrated in the preparation of sodium hexabromoplatinate and potassium tetra- 
bromopalladite by heating the accessible complex chlorides with hydrobromic acid 
Substitution reactions of the hexafluoroplatinate ion 


PUR, "> + 6X~ = (PRX,.)-~ + 6F- 


where X ~ Cl, Br, or | are hydrogen-ion catalysed, the rate-determining step is the first, and 
X-ray powder photography shows that products intermediate in composition between K,PtF, 
and K,Ptiir, are not isolated in the reaction between potassium hexafluoroplatinate and 
hydrobromic acid 


Tue use of bromine trifluoride for the preparation of auric fluoride and the fluoroaurates 
(Sharpe, /., 1949, 2001) suggested that this reagent might find application in the preparation of 
fluorides of other noble metals, and with its aid new methods for the production of the highest 
fluorides of platinum, rhodium, and palladium have been devised For the preparation of these 
substances, bromine trifluoride has two main advantages over elemental fluorine: in the 
first stage of the process, addition compounds between the fluorides and the solvent are formed 
in solution, thereby ensuring rapid and quantitative reaction; in the second stage, the addition 
compounds undergo thermal decomposition at temperatures below 200°, so the use of special 
apparatus is unnecessary, and the whole preparation may be carried out in a quartz flask without 
significant damage to this vessel 

Metallic platinum is not attacked by bromine trifluoride at room temperature, but if the 
metal is first converted into its tetrachloride or tetrabromide (which need not be prepared pure} 
vigorous reactions take place on the addition of the reagent, and a clear red solution results 
Evaporation of this im vacwo at room temperature yields a red product of empirical formula 
PtBr,F ,.. which is vigorously decomposed by water or alcohol but is not attacked by carbon 
tetrachlormie. This substance undergoes rapid decomposition at 180-—-200°, forming bromine 
trifluoride and light brown platinic fluoride’ The latter compound is identical in 
properties with that described by Motmsan (" Le fluor et ses composés,”” Paris, 1900); it is 
rapidly hydrolysed to a hydrated dioxide by boiling water 

In bromine trifluoride solution the compound PtBr,F,, reacts as an “ acid "’ (Woolf and 
Emeléus, /., 1949, 2865), and with potassium tetrafluorobromite (bromotetrafiuoride), a 
" base,” it forms a salt 

(BrP), PtP, + 2KBrF, = K,PtF, + 4BrF, 


As often occurs in such © neutralisations " in bromine trifluoride, interaction of © acid and 
‘ base “ is incomplete (Sharpe, /., 1950, 2907) and evaporation of the solution at 20° produces a 
residue of approximate composition K,PtF,.1-1BrF, When pure potassium hexafluoro- 
platinate, obtained as described below, is dissolved in bromine trifluoride and the solution is 
evaporated at room temperature, a similar residue remains. this contamination of the salt 
with the elements of bromine trifluorde os therefore of the nature of an equilibrium state, 
and the product may be described as partially solvolysed potassium hexafluoroplatinate, t.¢., a 
mixture of K,PtF,, KBrk,, and (BrF,),PtF, The last two of these substances are thermally 
unstable, and heating at 200° results in removal of al! the bromine, leaving a residue in which 
the atomic proportions are Pt 2K : 6 This is not a compound, however, but a mixture of 
K,PtF,, KF, and PtF,; the last two substances are formed by thermal decomposition of 
KBrF, and (BrF,),PtF, respectively. The action of boiling water on the mixture rapidly 
hydrolyses the platinic fluoride to the insoluble hydrated dioxide, which is filtered off, and 
vellow crystals of potassium hexafluoroplatinate (only ery slowly hydrolysed by boiling water) 
are obtained by fractional crystallisation at room temperature This substance has been 
made twice previously: by the action of the complex fluoride 3KF,HF,PbF, [which would 
probably be better represented as K,(PbF,)(HF,)) on platinum (Schlesinger and Tapley, J]. Amer 
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Chem. Soc., 1924, 46, 276); and in small quantity by thermal decomposition of potassium 
tetrafluorobromite in a platinum crucible (Sharpe and Emeléus, /., 1948, 2135). The method 
described above is easily the most convenient and economical of the three 

It is shown below that the equilibrium in the reaction [PtF,)~~ + 6Br- == (PtHir,)~~ + 6F~ 
lies over on the right-hand side, and that the reaction is strongly catalysed by acids; this is 
why removal of all bromine before treatment of the mixture of K,PtF,, KF, and PtP, with 
water is necessary. Both potassium tetrafluorobromite and difluorobromonium hexaflucro- 
platinate are readily decomposed by water, but the hydrobromic acid which is formed in their 
decomposition would at once convert the potassium hexafluoroplatinate into the hexabromo- 
platinate and hydrofluoric acid 

Solvolysis, or incomplete reaction between “acid and “ base,’ in bromine trifluoride 
imposes serious limitations on the use of this reagent for the preparation of complex fluorides 
which are unstable towards water and cannot be subjected to any process of purification. It 
is essential to evaporate the solution of the “ salt’ at room temperature, and to determine 
whether bromine is present in the product: if it is not, then a complex salt must have been 
formed quantitatively, since all free “ acids’ and “ bases’ known at present retain some 
bromine trifluoride at room temperature; if bromine is present, it may originate either in 
solvolysis or in incorrect choice of relative proportions of “ acid " and base.’ Solvolysis may 
lead to any degree of contamination short of that which would result from non-interaction of 
“ acid “ and “ base; the initial presence of elements giving rise to “ acids " and " bases”’ in 
wrong proportions should lead, where the “ acid " or “ base " is stable at room temperature, to 
contamination of the product with whole numbers of bromine atoms; «¢ ., fluorination of 
potassiom sulphate yields an equimolecular mixture of potassium fluorosulphonate, KSO,F, 
and tetrafluorobromite, KBrF, (Emeléus and Woolf, /., 1950, 164). When solvolysis occurs 
and the nature of the complex ion being formed is unknown (¢ g., where no approximately pure 
salt of any metal or of the nitrosonium or nitronium ions can be prepared), special caution is 
necessary in interpreting results. The separation of the mixture corresponding in composition 
to K,PtF, into its components shows that removal of bromine trifluoride from a heated reaction 
product is no criterion of pure complex fluoride formation : the action of heat on any mixture of 
K,PtF,, KBrF,, and (BrF,),PtF, would lead to formation of a product containing only 
potassium, platinum, and fluorine; and in such instances production of further evidence for 
complex formation is essential Even where production of pure complex fluorides is 
impossible, however, it is still possible to obtain useful information about their properties, and 
it is for this reason that work on complex fluorides of rhodium and palladium ws described 
below. In these studies, liquid bromine trifluoride has always been used as the reagent; it is 
not unlikely, however, that at higher temperatures the vapour would yield complex fluorides 
by entirely different reactions similar to those involved in the production of the substances 
K,CuF,, K,NiF,, and K,CoF, (Klemm and Huss, Z. anorg. Chem., 1949, 258, 221) and NaAuF, 
(Hoppe and Huss, Angew. Chem., 1950, 339) by the use of fluorine at medium temperatures as 
the fluorinating agent 

The action of bromine trifluoride on rhodium bromide produces rhodium tetrafluoride, a 
purple-red powder which is decomposed by water, forming the olive-green hydrated dioxide and 
hydrofluoric acid. It oxidises hydrochloric acid to chlorine, with formation of the chloride of 
tervalent rhodium. This tetrafluoride appears to be identical with the higher rhodium fluoride 
prepared by Ruff and Ascher (Z. anorg. Chem., 1929, 183, 206) by the action of fluorine on 
rhodium at 500°; their product, however, was not obtained pure enough for analysis, and a 
decision between RhF, and RhF, for its formula could not be made. Rhodium tetrafluoride is 
soluble in bromine trifluoride, though no compound with the solvent could be isolated; the 
solution reacts with sodium fluoride in bromine trifluoride, yielding a complex fluoride which 
is decomposed by cold water. Isolation of a pure complex fluoride has not been achieved ; 
the action of bromine trifluoride on mixtures corresponding in composition to 2NaC] + RbCl, 
and 3NaC! + RhCl, yields products containing considerable bromine. These, when heated to 
200°, yield residues which analysis shows to be Na, RhF, and Na,RhF, respectively. X-Ray 
powder photography shows the presence of RhF, in the former (which is pale pink) but not in 
the latter (which is pale blue). It therefore seems that the product of composition Na,RhF, 
consists mainly of a complex fluoride analgous to the cobalt compound K,CoF, described by 
Klemm and Huss (Joc. cit.) 

Rhodium dioxide is not soluble in hydrofluoric acid, and hydrolysis of the fluororhodate ion 
thus appears to be irreversible. The only previously reported complex containing quadrivalent 
rhodium is caesium hexachlororhodate, Cs,RbCl, (Dwyer and Nvholm, Nature, 1947, 160, 502; 
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Dwyer, Nyholm, and Rogers, Proc. Roy. Soc., N.S.W., 1947, 81, 267), which with water liberates 
chiorine. This suggests that quadrivalent rhodium is unstable with respect to chionde ions in 
approximately neutral solution, it is, however, incapable of discharging fluoride ions to form 
fluorine or of liberating oxygen from water under these conditions. In the latter imstance the 
irreversibility of the water-oxygen couple imtroduces a complication, and it appears that 
Latimer's estimate of —I4v. for the standard potential for the tervalent-quadrivaient 
thedium couple (° The Oxidation States of the Elements and their Potentials in Aqueous 
Solutions,” Prentice-Hall, New York, 1938) is approximately correct. 

Palladous chiorde or bromide yields with bromine trifluoride an addition compound of 
palladium trifluoride and the reagent, approximating in composition to PdF, BrF, Heating 
at 180° converts this into black palladium trifluoride (Ruff and Ascher, joc. cst.), which is readily 
soluble in bromine trifluonde Yellow complex fluorides are formed by interaction of solutions 
of palladium trifluonde in bromine trifluoride and the tetrafluorobromites of potassium and 
silver; a pure compound has not yet been made, however, and although it seems likely that the 
complex fluorides, which are hydrolysed by water, are KPdF, and AgPdF,, they may be 
K,PdF, and Ag,PdF,, anakgous to the complex chlorides of tervalent palladium (Wohler and 
Martin, Z. anorg. Chem., 1008, 57, 308). These substances are being further investigated. 

Impure palladous fluoride was prepared by Kuff and Ascher (loc. ct.) by reduction of the 
trifluoride with hydrogen, sulphur dioxide, or iodine. These authors, and later Ebert (Z. anorg 
Chem., 1931, 196, 395), described its structure, but none of its chemical properties has been 
given; and indeed, its preparation by the action of fluorides on solutions of palladous salts, 
described by Berzelius but denied by Ruff, is still widely quoted. The brown precipitate formed 
from sodium fluoride and palladous chloride solution is actually the fluoride-free hydroxide, 
sodium fluoride functioning only as the salt of a weak acid; ruthenium trichloride, even in the 
cold, yields a similar precipitate of the hydroxide. Neither hydroxide dissolves in hot 40% 
hydrofluoric acid. It may therefore be inferred that palladous fluoride is unstable towards water 

Schlesinger and Tapley (lec. csf.), in their investigations on potassium fluoroplatinate, noted 
that the fuoroplatinate ion, unlike the chloroplatimate and bromoplatinate ions, does not yield 
a brown coloration with potassium iodide solution; and Schlesinger and Palmateer (/. Amer. 
Chem. Soc, 1930, 53, 4316), who showed spectrophotometrically that the stability of 
hexahalogenoplatinate ions increases from chloride to iodide, were unable to observe the 
transformation of the |PtF,)~~ ion into the other hexahalogenoplatinate ions. Now if the true 
equilibrium in the reaction 

(PUF.j-- + 6Cl- = (PHC, ~~ + OF- 


were on the left-hand side, it should be possible to prepare potassium fluoroplatinate 
by evaporation of potassium chloroplatinate with hydrofluoric acid. This is impossible; but 
investigation of the action of hydrochloric acid on the fluoroplatinate, in which potassium 
chloroplatinate was produced, showed that the equilibrium is in favour of the complex chloride 
and that the reaction is hydrogen-ion catalysed. Reactions with bromides and iodides are 
similar, the complex fluoride is the least stable of the complex halide ions 

The relationship between the stabilities of complex chloride, bromide, and iodide ions of 
noble metals has been recognised for some time (for a review, see J. Bjerrum, Chem. Reviews, 
1950, 46, 381) The dissociation constants decrease steadily from the chlorides to the iodides— 
the reverse of the order for most metals. Until recently, however, few complex fluorides of 
noble metals (used here to denote silver, gold, mercury, and the six platinum metals) were 
known Ruffand Tschirch (Ber, 1913, 46, 929) obtained (but did not analyse) complex fluorides 
of quadri- and octa-valent osmium; Schlesinger and Tapley (loc. cit.) prepared potassium 
hexafluoroplatinate and hexafluorviridate(rv); and Meyer and Kienitz (Z. anorg. Chem., 1939, 
942, 281) made hexafluororhodites. No information about the relative stabilities of these 
substances has, however, been published 

The complex fluorides of gold are immediately decomposed by water, and even by hydro- 
fluoric acid, with the precipitation of auric hydroxide (Sharpe, /., 1949, 2001), whereas the 
chloroaurates are stable in hot aqueous solution. Hydrofluoric acid is without action on 
sodium chloroaurate, but hydrobromic acid at once converts this substance into the bromo- 
aurate; the effect of these acids on chloroplatinates is similar. Here, therefore, the order of 
stability of the complex ions is quite definitely 


‘AuF,)> < [AuCl)- < (AuBr,)” 


(PtF,)-~ < (PtCi,)-~ < [PtBr,)~~ 


and 
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It now becomes possible to correlate certain scattered facts about compounds of other elements. 
The insolubility of palladous hydroxide (like aur and platinic hydroxides) in hydrofluoric acid, 
and the absence of any action of hydrofluoric acid on potassium tetrachioropalladite, K,PdCl,, 
suggest that the (PdF,)~~ ion is unstable relatively to water and to other halide ions. The 
hexafluororhodite ion is not easily hydrolysed by water, but it is unstable in the presence of 
chloride ions; it is therefore impossible to prepare a hexafluororhodite by the action of hydro- 
fluoric acid on a bexachlororhodite, and the complex chloride must first be converted into the 
hydroxide or into the complex nitrite. In the latter instance (Meyer and Kienitz, Joc. est.) one 
of the products of the reaction 


K,Rh(NO,), + 6HF « K,RAF, + 6HNO, 


is unstable and is continuously removed. The yellow solution of the complex fluoride, however, 
is converted into a red solution of the complex chloride by addition of a chloride. The 
insolubility of the hydroxide of quadrivalent indium in hydrofluoric acid, and the lack of reaction 
between this acid and sodium hexachloroiridate(1v), suggest that the fluoride is the least stable 
of the complex halide ions of indium 

The value of the stability sequence for complex halide ions of noble metals has not always 
been recognised in preparative inorganic chemistry. It should, for example, be possible to 
prepare complex bromides very easily by treatment of the complex chlorides (which, owing to the 
solubilities of most noble metals in aqua regia, are readily available) with hydrobromic acid; 
this preparation has been illustrated by making sodium hexabromoplatinate and potassium 
tetrabromopalladite 

Rates of substitution in complex ions, other than the ammines of cobalt and palladium 
investigated by Anderson, Briscoe, and Spoor (/., 1043, 361) and Anderson, Briscoe, Cobb, and 
Spoor (/., 1943, 367), respectively, have hitherto been little studied. Reactions of the hexa- 
fluoroplatinate ion are not typical, because of the extreme slowness of thermodynamically 
possible substitutions in the absence of hydrogen ions. They are, however, relatively casily 
investigated, since dilute solutions of potassium hexafluoroplatinate are almost colourless, while 
solutions of the other complex halides are more or less deeply coloured. Preliminary 
experiments on the hexfluoroplatimate—iodide reaction 


(PtP -~ + 6I- = [Ptl,)-- + 6F- 


indicate that the initial rate is approximately proportional to the first powers of the fluoro- 
platinate and hydrogen-ion concentrations, and almost independent of the iodide-ion 
concentration. The rate-determining step thus appears to be formation of [HPtF,)~ or [PtP ,)~ 
by addition of a proton or withdrawal of a fluoride ion. Hydrofluoric acid (like acetic acid) is a 
poor catalyst; since it might be expected to be a poor source of protons but a good absorber uf 
fluoride ions, the formation of [HPtF,)~ appears somewhat more likely 

X-Ray powder photography has been used to obtain evidence compatible with the view that 
the first step inthe substitutition governs the overall rate. Its use is made possible by 
potassium hexafluoroplatinate not being isomorphous with the other hexahalogenoplatinates 
When, in the reaction K,PtF, + 6HBr «= K,PtBr, + 6HF, quantities of hydrobromic acid 
sufficient to effect only partial conversion are taken, the product is a mixture of unchanged 
fluoroplatinate and hexabromoplatinate, and solid products of the type K,(PtF, Br, ,) are not 
isolated. In the analogous substitution K,PtCl, + 6HBr « K,PtBr, + 6HCI, the complex 
halides are isomorphous, and substitution results only in a progressive increase in the size of the 
unit cell, the structure type remaining constant. X-Ray powder photography therefore fails 
to distinguish between formation of intermediate compounds such as K,(PtCl, Br,) and formation 
of solid solutions of chloroplatinate and bromoplatinate. There can be little doubt that 
substitution in these complex ions takes place in stages, but the value of some of the evidence 
quoted as supporting this, ¢.g., the preparation of a salt analysing as K 2PtCl, Br, by the action of 
bromine water on potassium tetrachloroplatinite (Kiement, Z. anorg. Chem., 1927, 164, 195), is 
very doubtful. 

It seems likely that hydrolysis of the hexafi latinate ion [PtF,)~~ + 4H,O = 
Pr(OH), + 4HF is another very slow reaction which proceeds almost to completion. Platinic 
hydroxide is insoluble in hot 40% hydrofluoric acid, even in the presence of potassium fluoride ; 
and prolonged heating of potassium hexafluoroplatinate solution results in the deposition of 
a little platinic hydroxide. The equilibrium therefore appears to be in favour of the hydrolysis 
products, but it is approached only extremely slowly——behaviour which, so far as is known, has 
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no parallel among other complex halide ions, but which recalls that of sulphur hexafluorde 
(Yost and Claussen, J. Amer. Chem. Soc., 1933, 55, 888) 

More detailed investigations of reactions of the hexfluoroplatinate ion are being carried out by 
means of spectrophotometric methods, and these will be reported in a later communication 


EXPERIMENTAL 


Platine bluctide and Kelated Compound Platinum, even when finely divided, is not noticeably 
attacked by bromine trifluoride at room temperatare. A known weight of the metal was dissolved in 
ua regia in a silica flask, the chioroplatinic acid so obtained was converted into bromoplatinic acid by 
litson of hydrobromic acid, and the solution was evaporated im eacuo at 70°, yielding crude platinx 
bromide. This (which is more reactive than the chloride) was treated with an excess of liquid bromine 
trifluoride. The clear red solution which resulted was evaporated im vacuo at room temperature, the 
technique described by Sharpe and Emeléus (/ec. es.) being used, at about 0-01 mm. pressure, bromine 
trifluoride was removed only extremely slowly after the composition of the red product reached 
Ptlic,P,, Analysis was effected by decomposition with sodium carbonate solution, filtration, and 
ignition of the piatimic hydroxide produced to the metal, and determination of bromine and fluorine in 
the filtrate. Bromine was precipitated as silver bromide after reduction with sulphurous acid, fluorine 
was determined as calcium fluoride (Treadwell and Hall, Analytical Chemuistry,”’ Vol. I1, 0th English 
edn., p. 397) (Found Pt, 366; Br, 301; F, 33-0. Pthir,F,, requires Pt, 36-0, Br, 20-2; F, 34-7% 
Properties of this substance are described above. When it was heated at 200° im vacuo until the 
product had a constant weight, it yielded platinic fluoride, a light brown powder which reacted only 
slowly with water at ordinary temperature but was decomposed, with some frothing, at 100° (Found 
Pt. 735-3, F.245. Br, 10 Cake. for MF,: Pt, 720, F, 26-0%) 


Koown quantities of platinum were dissolved in aqua regia as before; equivalent quantities of 
potassium chloride were added, and the mixture was evaporated with hydrobromic acid Alternatively, 
potassium hexabromoplatinate, prepared by a method analogous to that descrobed below for the sodium 
salt, was used as starting material. Keaction with bromine trifluoride yielded a clear solution, which 
on evaporation im cacwo at 20° gave a prodact whose weight indicated a composition approximating to 
K,Pth, | iBeF,, the action of heat at 200° removed all the bromine, but the product was not 
homogeneous, and only part of the platinum was precipitated by boiling with water ‘rom the weights 
of platinum and potassium in the reactants the composition of the whole residue was known to 
approximate to K,MtP, (Found: K, 108; Pt, 405. Cale. for K,PMF,: K, 20-1; Pt, 50-4%) 
Evaporation of the solution obtained by treatment of the residue with botling water yielded sparingly 
soluble yellow crystals of potassum hexaflucroplatinate, very much less soluble than potassium fluoride 
and freed trom the latter substance by washing with water. Evaporation of the solution was best 
arried out ower silica gel at room temperature, at higher temperatures slight hydrolysis occurred and 
the product was comtamimated with a little platmmic hydroxide. Potassium hexafluoroplatinate was 
decomposed by fusion with sodium carbonate; the insoluble residue from the fusion was ignited to the 
metal, and fluoride was precipitated as calcium fluoride (Found It, 000; F, 20-1%); yield of K,PtF, 
from tg of Pt, O8 g (40%) Solvolysed sodiam and silver fluoroplatinates were obtained by the 
action of bromine trifluoride on mixtures of platinic chloride and sodium chloride or silver; these salts 


appear to be decomposed by water to a slightly greater extent than the potassium salt, and they were not 
tanlated pure 


Potassium hexaflucropiatinate is readily soluble in bromune trifluoride, evaporation of a solution of 
« known weight of the salt in bromine trifluoride yielded a residue of approximate composition 
Kt! ,.0-06BrP, (Found: Pt, 37-3: Br, 13-5. Cak Pt, 37-7; Br, 146%, he residue was visibly 
heterogeneous. presence of potassium tetrafluerobromite in another solvolysed salt has recently been 
demonstrated (Sharpe, /., 1950, 2007 


Rhodium Tetrafwersde and Related Compounds Sodium chlororhodite dodecahydrate (water of 
crystallisation determined by heating at 105° to constant weight, 35-8. Calc. for Na, RhCI,,12H,O 
H,©, 36-0°%,) was converted into rhodiom hydroxide by warming with sodium carbonate solution the 
precipitate was thoroughly washed with hot water, and, in order to obtain some idea of its purity, 
chloride was determimed on the filtrate (Found: Cl, 53-3. Cale. for Na,RhbCi,,.12H,O- Ci, 53-3%) 
The rhodium hydroxide was dissolved in hydrobromic acid, and this solution was evaporated on the 
steam-bath the residue was dried at 100° ww eacwoe and then treated with bromine trifluoride; the 
product was readily soluble in excess of the reagent, yielding a red solution. Evaporation of this under 
the conditrons described for platinum compounds gave a pink product (which could not be isolated) 
rapidly decomposing into purple-red rhodium tetrafluoride, even after being heated at 180°, however, 
this still contained a little bromine. After decomposition by fusion with sodium carbonate, rhodium 
was reduced to the metal, and fluoride and bromide were determined by precipitation as calcium fluoride 
(calcium acetate being used as precipitant) and silver bromide, seapentivaly (Found: Rh, 53-5; F 
2; Br, 58. Cale. for RhF, Kh. 57-4, F, 42:5%). Divergence from calculated results is not 
serious; the formula calculated from these data is RhF,,,Br,,. Rhodium tetrafluoride does not react 
with ether or carbon tetrachloride at room temperature, it gives a blue-green aqueous solution which 
deposits an olive-green precipitate of the hydrated dioxide. Alkalis yield a similar precipitate. lodine 
is hberated from potassium todide solution, and a black precipitate (rhodium tri-iodide) is formed | hydro- 
hleric ack! is oxxlised to chlorine with the production of a red solution of the chloride of tervalent 
rhodium 


luarination by bromune trifluerde of a sodium chloride rhodium trichloride mixture containing the 
hbetances in molecular proportions of 2 1. and of anhydrous sodium chiororhodite gave products 
otaining appreciable antounts of bromine after heating at 180 the reantues rrespx nded in 
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composition to Na, RhF, (Found: Rh, 38-7. F, 43-8, Br, trace. Calc. for Na he =. se: F, 
434%) and Na,RhF, (Found: Rh, 330; F, 43-5; Br, trace. Cale. for N P, 
43-7 respectively. were hydrolysed to the dioxide by warm water; ar TF ahhuies 
from hydrochloric acid. The evidence in favour of Na, RhF, as the complex fluoride has been given 





Palladium Trifluoride and Related Compownds.—Pot tetrachloropalladite was used as a source 
of palladium compounds. Since it proved impossible to prepare palladous hydroxide from this in a 
state even — pete, the hydroxide was ignited to metal, which was purified yA — 
with dilute forms acid and reignition (Found: Pd, 32-5. Calc. for K,PdCi,: Pd, 32-6%,) 
was dissolved in ia regia, and the solution was evaporated with hydrobromic acid . the 
at 70°, was treated with bromine trifluoride; the brown product obtained at room temperature vialded 
black palladic fluoride at 200°. This was analysed by me ey with sodium hydroxide solution and 
determmation of ladium as the metal and fluonde as calcium fluoride ed Pd, 64-5; F, 33-0; 
Br, trace. Cale. PdF,: Pd, 65-2; F, 347%) — mgt — compiles of palladium triflworide 
and bromine trifluoride, stable #s vacws at 20°, was or (BrF,)(PdF,) (Found: Pd. 34 
Br, 253. F. 40-4. Pdlk¥, requires Pd. 35-5; Br. 2¢ 3 E sede) 


The action of bromine trifluoride on potassium tetrachloropaliadite yielded a light brown bromine 
containing product of a imate composition (determined from the weight of K,PdCl, taken and the 
weight of Lape f K,PdF,,.0-5BrF,; the action of heat at 280° converted this into a pus liow 

‘ tion a K POP, (Found Pd, 38-0; F, 32-9. Cale: Pd, 362; F, 33-8%). From a 
mixture of rehlortdes ¢ and ao, the product on evaporation 
of the solution at room pan ie appeared t 200° it was converted into a 
brown residue (Found : Pd, 45-0. Calc. for KPdF,: Pd, abs 9%). The quantity of bromine trifluoride 


retained at room temperature indicates that in each instance complex salt formation must have taken 

lace to a considerable extent. From information at present available it is impossible to assign a 
Seomale te to the complex fluoride; what is clear, however, is that all the palladium in these products is 
precipitated on addition of water, :t will be essential, therefore, to continue the investigation in non 
aqueous solvents or in the absence of a solvent. The action of bromine trifluoride on silver ladous 
chloride mixtures yields orange products which at 20° correspond to compositions AgPdF, 1-2BrF, and 
Ag, PdF,.0- 8BrF,; these do not merit further discussion now 


Preparation of Complex Bromides.—Sodium hexachloropiatinate hexahydrate was dissolved in 
hydrobromic acid, and the solution was evaporated on the steam-bath. After one repetition of this 
process, further treatment with hydrobromic acid (weighing after drying at 105°) was shown to be 
without effect. Platinum was determined by =~ wy formic acid in the presence of ammonium 
acetate, and bromine as silver bromide (Found: Pt, 27-5; Br, 67-4. Calc. for Na,PtBr,: Pt, 270, 


Br, 66.6%). Four evaporations of the oonduat with play oy reversed the reaction 








only to a neghgible extent. Similar treatment of ™ te with bydrobromic acid 
yie potassium tetrabromopalladite, analysed um and atten of silver 
bromide (Found. Pd, 20-9; , 622. Cale. for Par, Pd, 21-2; 


Reactions of Potassium Hexafluoroplatinate.—Qualitative information on some of these, and on 
various compounds of tervalent rhodium, bivalent palladium, and quadrivalent iridium, has been 
given above and is not repeated or amplified here 


Although repeated evaporation of potassium chloroplatinate with 40%, hydrofluoric acid does not 
lead to the of oduction of any complex fluoride, the reverse reaction is readily accomplished; and 
) we ee »otassium hexafluoroplatinate with hydrochloric acid produc es the hexachloroplatinate 
(Found 99, Cl 44-0. Cale. for K,PtCl,: Pt, 40-2; Cl, 43-8%). Use of this transformation in 
the i of fluorine-< ontaining platinum compounds has been made ‘occasionally , whereas reduction 


methods for platinum in the fluoride — lead to low results (Schlesinger ind Tapley, lec. tt), 
normal! results are obtained on complex c s 


Hydrobromic acid similarly converts the hexafluoroplatinate into the hexabromoplatinate. the 
products obtained by using sufficient dilute hydrobromic acid to effect only partial conversion were 
studied by X-ray powder photography. Potassium hexafluoroplatinate (0-0532 g.) was dissolved in hot 
water, and 7-0 ml. of A peer yy acid were added; the solution was then slowly evaporated 
on the steam-bath roduct (0-0634 g.) was visibly het yas; a small sample was taken for 
X-ray investigation, be the remainder was analysed (Found , 32-1; Br, 50-7%). This corresponds 
to K,PtBr,,F,,; powder photography showed that only the end hexahalogenoplatinates were present 
in the product. A similar result was obtained with a mixture corresponding to K,Ptiir,,F,,. The 

uantitative introduction of bromine under these conditions confirms that the equilibrium in the 
uoroplatinate—bromide reaction strongly favours formation of the bromoplatinate 


Similar treatment of the hexachloropiatinate with insufficient hydrobromic acid yielded products 
which were homogeneous to the eye and were intermediate in colour between the complex chloride and 
the complex bromide. The same type of powder pattern was retained throughout the series K,PtCl,, 
K,PtBr, ,Ci,,, K,PtBr,Ci,, and K,PtBr,, while the spacing of the lines progressively decreased. 


Prejiminary Experiments om the Hexafuoroplatinate-lodide Reaction.—-Potassium hexafluoroplatinate 
and potassium iodide in neutral solution gave no coloration, even when kept at 90° for one hour; this 
confirms Schlesinger and bes psy & s observations. Addition of a drop of hydrochloric acid, however, soon 
resulted in the production of a brown colour similar to that obtained from the chloroplatinate in absence 
of added acid. The colour was not extracted by chloroform and therefore could not have been due to 
iodine. Addition of sodium fluoride solution did not produce any appreciable lightening of the colour, 
i.¢., reversal of the reaction, and hydrofluoric acid was also without effect 
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Visual estimation of colour intensities, by the dilution method, was used to investigate the effect of 
tonic comentrations on the deve! 


ever, spec pe . which is more stable in aqueous 
solution, would probably be more suitable. A/! measurements were made at 25°; at this temperature, 
equilibrium is not established anti! after several days, and initial rates were The isolation 
method 


was used to ix the order of the reaction with respect toeach reactant. Beer's law being assumed 
to be obeyed, the initial rate was found to be approximately ional to the first powers of the 
hexatt platinate and hydrogen-ion concentrations, and nearly (but not quite) independent of the 
iodide-ion concentration. This the mechaniam discussed above: a slow reaction between 
acid and complex fluoride, followed by a fast (though not instantaneous) substitution reaction in several 
stages ’ 





Io equine wi this, when the hexafluoroplatinate and hydrochloric acid were heated together 
for ome hour at before being cooled and mixed with the iodide solution, the colour ed within a 
few seconds. Pre-treatment with hydrofluoric acud or acetic acid had a much ler effect, but 
sulphuric acid appeared (under comparable concentrations) to be about as effective as hydrochloric acid. 

The conversion of hexachioropiatinates into hexaiodoplatinates is a very fast reaction even in the 
absence of added acid; in the presence of a strong acid, however, it is y accelerated. It may be 
that hydrogen ions are essential for a rapid reaction between chloroplatinate and iodide, and that 
are present owing to partial hydrolysis of the chloroplatinate ion and the formation of a little hydro- 
chioric acid. The slowness of the hexafl iodide reaction could then be correlated with the 
slow hydrolysis of the fluoroplatinate ion the production, thereby, of oaly a weak acil. The effect 
of pH on other substitutions in complex ions therefore appears to deserve examination. 





Gratefal acknowledgment is made to Messrs. Johnson, Matthey, and Company, Limited, for the 
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676. The Chloride Ethorides of Zirconium. 
By D.C. Beaprey, F. M. App-et Hatim, and W. Warpiaw 


Reaction of ZrCl, with ethanol yielded the compounds ZrCi,(OEt), EtOH (1) and ZrCi,(OEt), 
(11). Thus the order of reactivity with ethanol is SiC], > TiC], > ZrCl, > ThCl, By reactions 
imvolving (1), (Il), of Zr(ORt), with acetyl chloride the following new compounds of zircon- 
ium have been prepared I, CHyCO,Et; ZrChfOEt),CHyCO,Et; ZrCl(OEt), EtOH ; 
ZC (OEt), CH yCO,kt; and ZrCih(ORt),. The stability of the compounds formed by the 
co-ordination of @ molec ule of ethy! alcohol or ethy! acetate with ZrCi,(OEt), ZrCl,(OEt),, or 
ZrCKOERt), decreased as chlorine was replaced by ethoxide 


Over a century ago Ebelmen (Annalen, 1846, 57, 331) showed that ethy! alcohol reacts with 
silicon tetrachlonde in accordance with the equation 


SCL, + 4EtOH « SHOEt), + 4HCi 


In 1936, Jennings, Wardlaw, and Way (/., 1936, 637) investigated the reaction of ethyi alcohol 
with titaniom tetrachloride and found that no simple ester was produced. Instead, from ethyl 
alcohol and other primary alcohols, substances of the type Ti(OR),Cl,, ROH could be isolated. 
This indicates a striking difference in the reactivity of these two chlorides and in surveying this 
held of work it was surprising to discover that very little attention had been given to the 
reactivity of zirconium tetrachloride with aliphatic alcohols 

According to Hornberger (Annalen, 1876, 181, 232) and Hinsberg (ib:d., 1887, 239, 253), 
ethyl! alcohol and zirconium tetrachloride react vigorously forming zirconium hydroxide and 
ethyl! chloride. This indicates an entirely unexpected mechanism of reaction and it was 
obviously worthy of re-investigation. In doing this we discovered that it was possible to isolate 
two new compounds ZrCl,(OEt),EtOH and ZrCl,(OEt), from the products of the reaction of 
zirconium tetrachloride with ethyl alcohol provided that special precautions were taken to 
exclude moisture. Under these experimental! conditions, no ethyl chloride could be detected. 
These findings fit in with the general pattern one would expect of the reactivity of the tetra- 
chlorides of the elements in Group IVA. Thus when thorium tetrachloride reacts with alcohol 
the sole product of the reaction is the crystalline ThCl, 4EtOH 

The order of reactivity of the tetrachlorides with ethyl alcohol is now shown to be SiCl, > 
TiC], > ZrCl, > ThCl,, and the same order is correct for their reactivities with water. It is 
clear that the type of reaction between tetrachloride and alcohol changes gradually between the 
extremes of complete substitution, as shown by silicon tetrachloride, and simple addition (or 
jonisation) im the case of thorium tetrachioriie. To account for this striking variation in 
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reactivity it is necessary to know the mechanism of the reactions involved and the physical 
properties of the tetrachlorndes. 

We think that the mechanism of the substitution reactions MCI, + sKOH = 
M(OR),Cl,,. + #HCl (where M = Si, Ti, or Zr) is initially the co-ordination of an alcohol 
molecule, through a “ lone pair’ Ss Guten on the oxygen atom, thereby aiieting = 


repulsion of a chloride on from an M-Ci bond and the uberation of the proton from the O-H 


R.e- & 8 R ~% R 
» 0O-sé-—C > 0-—M—CI , O-M +H’ +a 
H HS 


Ridge and Todd (J, 1949, 2637) recently suggested a sumilar mechanism for the formation of alky! 
orthosilicates from silicoa tetrachloride. The reactivity of the tetrachlorides is thus related 
to the tendency of the initial co-ordination complex to undergo the subsequent electronic 
rearrangement which leads to the elimimation of hydrogen chloride. This tendency will be 
influenced by the fractional positive charge (85), the atomic radius (ry), and the maximum 
covalency of M (where M = Si, Ti, Zr, Th). Increase in 3) favours the rearrangement, whereas 
increase in r, or the maximum covalency has the opposite effect. A function of the type 
Ry = 35/74, could serve as a measure for the relative reactivities of these tetrachlorides. 
For a given tetrachloride (7, constant), 3, decreases as each chlorine is replaced by a less 
electronegative alkoxyl group and the value of Ry is progressively reduced. On this 
basis we would expect the values of Ry, in the following molecules to be of the 
same order: Si(OEt),; Ti(OEt),Cl,.EtOH; Zr(OEt)Cl, EtOH; ThCl,4EtOH. In the tetra- 
chlorides the following order should occur: Ry > Ry, > Ry > Ry; and this hypothesis 
can be tested by using the available physical data. The values of r, (in a. units) are 

%q LIT; vy 136; re 148; ry 1°65 (Sidgwick, “ The Chemical Elements and their Com- 
pounds,” Vol. I, p. xxix). The values of 35 can be d approximately by using the 


ad 

correlation between the percentage sonic character of the bond M-Cl and the difference in the 
electronegativities of the atoms M and Cl (Pauling, ‘‘ Nature of the Chemical Bond"). Pauling 
gives the following electronegativity differences: Sr-Cl 1-2; Tir-Cl l4; Zr-Cl 14; from which 
we obtain: 8 = le; 8}, = 38 = Ide. Using these values for Ry = 3)/ri, we find: Ry « 
64; Ry, = 47; Ry = 33 (im arbitrary units). The order of the reactivity functions is clearly 
Ry > Rp > Ry which is in accordance with experimental data. The reactivity function Ry 
can be considered as being derived from two terms, j/r, and !/rh, such that Ry = 
(85/73) =< (1/rh). The term 35/%7, is proportional to the “ surface intensity " of induced positive 
charge on the atom M and influences the degree of electrostatic interaction which occurs with 
the initial co-ordination of an alcohol molecule to the tetrachloride. As ry increases, more 
alcohol molecules can be accommodated around the central atom M and the specific effect of the 
positive field on each co-ordinated alcohol molecule becomes less. This effect is allowed for in 
the additional term 1 /r}, 

Alternatively, the problem can be considered in terms of bond energies and heats of reaction 
Sidgwick (op. cit.) gives the formation energies of M~-C! bonds as Sir-C! 85°8, Ti-Cl 97°0, and 
Zr-Cl 1169 keals., to which can be added a probable value for Th-Cl of 140 keals. Although 
these figures are not bond dissociation energies they nevertheless suggest a marked increase in 
bond strength as the atomic number of the central atom increases. However, our proposed 
mechanism for the reactions involves the formation of ions and it would be more relevant to 

” 





compare the “ionic bond dissociation energies,”’ i«., M-Cl——>» M* 4+ Cl-. By adding the 
ionisation energy (M——» M* + e) to the formation energy (M-Cl ——> M + Cl) and subtracting 
the electron affinity of chlorine (Cl + e—-> Cl"), an approximate measure of the ionic bond 
dissociation energy is obtained. Syrkin and Dyatkina (‘' Structure of Molecules.”’ 1950, p. 37) 
give the following ionisation energies (kcals.): Si 1866; Ti 16690; Zr 1504; and the electron 
affinity of chlorine as 86 kcals. Combining these figures we obtain the following ionisation bond 
energies (kcals.): Si-Cl 1864; Ti-Cl 1679; Zr-Cl 190°3; which are of the same order of 
magnitude. We therefore infer that the “co-ordination energy” (in the process 
BN 


EtOH + MCL, = Pee) Cocenanes 0s the ctemis nuumber of 06 tnceenses, in Hine with the 
H 
idea that the reactivity functions R,, (which affect the co-ordination energy) decrease in the same 
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sense When an alcohol molecule reacts with a tetrac Mastite the “ co-ordination energy “ 


- 
ts sufficient to facilitate the dissociation of both Si-Cl and O- H bonds and substitution occurs, but 
in the case of thorium tetrachloride the co-ordination energy is not sufficient to bring about 
substitution although it may be enough to release the chloride ion, t.¢., cause ionisation 

In concluding this discussion on the relative reactivities of the tetrachlorides of Si, Ti, Zr, and 
Th with ethy! alcohol we would mention a further possibility, namely, the nature of the M-Ci 
bonds. Thus, besides the ple variation in ionic character, there may be other more fund- 
amental changes occurring, involving the orbital hybridisation of the bonds, which may invalidate 
the comparison of reactivities in terms of the simple mechanism proposed 

The solid product which is obtained from the reaction of zircomum tetrachloride with excess 
of ethy! alcohol is an approximately equimolecular mixture of ZrCl,(OEt), EtOH and ZrCl,(OEt), 
We suggest that the primary reaction 1s 





ZrCl, + ZEtOH ZrCL(OEU EtOH + HC! 
and that the ZrCl,(OEt), results from the decomposition 
ZrCl (ORt), EtOH « ZrCl(OEt), + HC 


In fact, when the free ethyl! alcohol in the alcoholic solution of zirconium tetrachloride was 
removed by azeotropic distillation with either benzene or light petroleum, the resulting solution 
contained only ZrCi,( Et), 

When the tetrachloride and alcohol react in the presence of the appropriate amount of 
ammonia, the reaction proceeds as follows 


ZrCl, + EtOH + INH, @ ZrCl(~ORt), EtOH + 2NH,CI 


The alcohol of crystallisation can be removed from the ZrCl,(OEt),, EtOH by prolonged heating 
at 50°,05 mm. It is therefore less firmly bound than when associated with ZrCl,(OEt). Even 
at 140° under very low pressure, the alcohol is not liberated from ZrCl,(OEt), EtOH but decom- 
position occurs. The analogous compounds, with ethyl acetate as the addendum, showed a 
similar contrast in stability. Thus ZrCl,(OEt),CH,-CO,Et retained its molecule of ethyl acetate 
under conditions which caused the dissociation of ZrCl,(OEFt),CH,CO,Et. To complete the 
series of zirconium chloride ethoxides the new substance ZrCl(OEt), was isolated without 
addendum, by the following reaction 


Zr(OEt), + CH, COC! = ZrChOEt), + CH,CO,Et 


It is evident that in the series ZrCl(OEt), ZrCl(OEt),, ZrCl(OEt), the tendency to increase 
the covalency of the metal atom by the addition of either ethyl alcohol or ethyl acetate decreases 
as the chlorine is replaced by ethoxy! groups. A possible explanation of this phenomenon is that 
replacement of chlorine by ethoxy! lowers the net induced positive charge on the zirconium 
atom, thereby lowering the bonding energy between zirconium and the co-ordinating oxygen 
This idea can be extended to account for the fact that the phenoxides ZrCl(O-C,H,), and 
Zr(O-C, H,), combine with a molecule of phenol each (Funk and Rogler, Z. anorg. Chem., 1944, 
262, 323), in contrast to the analogous ethoxides ZrCl(OEt), and Zr(OEt), which do not form 
addition compounds with either alechol or ethy! acetate. We would expect the values of 3) 
to be greater in the phenoxy-derivatives than in the ethoxides, owing to the greater electro- 
negativity of the phenoxy-group 

The reactions of these new zirconium compounds with acety! chloride present some novel 
features. For example, in attempting to eliminate the alcohol molecule from the complex 
ZrCl, (OEt), EtOH, excess of acety! chloride was added. The product, however, proved to be 
the new compound ZrCl, CHyCO,Et which was also produced in the following series of reactions 


ZrCL,(OEt) EtOH + 2CHyCOC! « ZrCl, CH,CO,Et + CH,CO,Et + HCI 
ZrCl (OEt), + ICHyCOC!  ZrCl, CH, CO,Et + CH,CO,Et 
ZrCl, + CHyCO,Et = ZrCl, CH,CO,Et 


The compound ZrCl,(OEt),CH,-CO,Et was obtained when the requisite amount of acetyl 
chiorwde was added to the solid product from the reaction of zirconium tetrachloride with ethyl 
alcohol, in accordance with the equation 


ZrC1, (ORt) EtOH + ZrCl(OEt), + ICHyCOC! » 2ZrCl (OEt),CH,-CO,Et + HC! 
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When acetyl chloride (2 mols.) was added to zirconium tetraethoxide (1 mol.) the compound 
ZrCi, (OEt),,CH,-CO,Et was formed 


Zr(OEt), + ICHyCOC! — ZrCLfOEt), CH, CO,Et + CH,OO, Bt 


In many co-ordination inbanith zirconium shows a covalency of 6 or 8, but, in the senes 
of new compounds we have described, the empirica!] formula suggest an apparent covalency of 
5 although a detailed study of structure may disclose a true covalency of 6 


EXPERIMENTAL 
Apparatus. Special precautions were taken to exclude moisture, and all-glass apparatus was used 


Zirconium T ctrachloride.—-The finely powdered pale yellow solid gave Zr, 30-0%, (Calc. for ZrCl, > Zr, 
39-14%). 


Ethyl Alcohol. — Absolute alcoho! was dned over magnesium ethoxide and fractionally distilled 


Acetyl Chloride —Redistilled grade was treated with phosphorus pentachioride and fractionally 
distilled. 

Ethyl Acetate.’ AnalaK " grade was washed with calcium chloride solution, then with water, and 
finally redistilled after being dried over anhydious potassium carbonate 


Other Solvents.__Carbon tetrachloride was distilled over phosphoric oxide. Benzene (* AnalaK "') 
and light petroleum (b. p. 95—-110°) were dred over sodium wire and distilled 


Analytical Methods Zirconium was determined gravimetrically as zirconium oxide 
Chlorine was determined volumetrically (Volhard's method) or gravimetrically as silver chloride. 


Ethoxide determinations were carried out volumetrically, using a back-titration method. A weighed 
sample was added to a measured amount (excess) of chromic acid (N-potassium dichromate in 12-5% 
sulphuric acid) in a closed vessel. After 2 hours, the unchanged dichromate was Getermined iodo- 
metrically. Under these conditions ethy! alcohol is quantitatively converted into acetic acid (Adams 
and Nicholls, Analyst, 1929, 54, 2) 


Carbon and hydrogen analyses were carried out by Drs. Weiler and Strauss, Oxtord 


Reaction between Z1Cl, and Ethyl Alcohol.—Ethy! alcohol (20 c.c.), added to mrconium tetrachloride 
(7-6 g.), reacted vigorously, with liberation of hydrogen chloride. The solution was refluxed for 30 
minutes and then filtered, and the filtrate concentrated under reduced pressure to a viscous yellow liquid, 
which on being heated at 100°/1 mm. solidified (yield @ 1g.) [Found : Zr, 33-6; C), 32:2%; Cl rie | 46 
Cale. for ZrCl,(OEt), EtOH (1 mol.) + ZrCl(OEt), (1 mol): Zr, 33-7; Cl, 32-8%) 


Isolation of ZrC1L(OEt),EtOH. The foregoing solid was dissolved in boiling benzene (15-0 ¢.). Pale 
yellow crystals separated on cooling ras ry. a decantation technique, the crystals (4-3 g.) were washed 
with benzene (Found : Zr, 28-3; Cl, 30» A/Zr, 2-78) yy! M stall five times from benzene, a 
colourless product (0-72 g.) was atcinadl ‘Found: Zr, 31-9 7; EtO, 31-6. ZrCllORt) BtOn 
requires Zr, 31-6; Cl, 36-8; EtO, 31-2%). From the aLaeemenan a solid (3-7 g.) was obtained which 
consisted mainly of ZrCl,(OEt), [Found . Zr, 33-3: Ci, 27-09%; Cl/Zr, 2-16. Cale. for ZrCi(ORt),: Zr, 
36-2; Cl, 281%) 

In a duplicate experiment, ethy! alcohol (41-5 g.) was added to zirconium tetrachloride (28-9 g.) and 
from the solution a solid (33-2 g.) was obtained which gave, on analysis: Cl Zr, 250. This solid was 
fractionally crystallised and gave a crop of needle-shaped crystals (6 g.) (Found: Zr, 320; Cl, 36-6; 
EtO, 31-40%). 


Properties of ZrC1,(OEt) EtOH. The solid dissolved instantly in water, to give a clear acidic solution 
It was very soluble in ethy! alcoho! but sparingly soluble in cold benzene although a ca. 10% w/w solution 
was obtained on boiling. 


(a) Action of heat A sample heated to 140°/10°* mm. in a “ molecular still’ did not sublime, but 
evidence of decomposition was afforded by a steady rise in pressure (0-01 mm. at 133°) and confirmed by 
analysis (Found: Zr, 38-7; Cl, 28-8; EtO, 264%; Cl/Zr, 1-01; EtO/Zr, 1-40). When it was heated at 
16° further loss of both ethoxide and chloride occurred 


(b) Active-hydrogen determination. Methylmagnesium iodide in n-butyl ether was added to 
ZrCl,(OEt), EtOH under dry nitrogen. A vigorous reaction occurred which reached completion within 
» minutes 0-516 g. of the substance gave 385 ¢.c. (at N.T.P.) of gas (ZrCl,(ORt),EtOH requires 
40-0 ce 


(c) Action of excess of acetyl chloride, Acety! chloride (15 ¢.c.), added to ZrCl (OEt), EtOH (1-3 ¢.), 
caused a vigorous reaction. Removal of unchanged acety! chloride under reduced pressure gave the 
product as a yellow oil which solidified slowly at 90-100°/1 mm. (Found: Zr, 27-3, Cl, 40-1; Eto, 
10-5%; CiiZr, B81; EtO/Zr, O78. ZrCi CH,yCO,Et requires Zr, 28-4; Ci, 441%). Although 
ZrCl,(OEt),CH,-COC! has the same formula as ZrC), CH,-CO,Et, the latter seemed the more 
probable formula for this product because the substance dissolved in water ve a clear acidic 
solution which smelled strongly of ethyl acetate. In ee ZrCl (OEt) CH COC! requises EtO/Zr, 
1-00, whereas the ratio for CH,CO,E a” blank 
——, with ——_ Ce, room temperature, gave ca. 55% 
hydrolysis. . would be expected to give 
EtO/Zr, oes tae (Found: @-7). The formula 2CLCHecO t was confirmed by preparing the 
same compound directly by the addition of ethy! acetate to mrconium tetrachloride 
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Preperation of Lr, CHyCO,Et by Other Methods._-(a) From ZrCi,(OEt), and excess of acetyl chloride. 
Acety! chloride (#0 ¢.c.) was to ZrCLJOEt), (9-6 g.) and, after the mixture had refluxed for 10 
minutes, the excess of acety! chloride was removed under reduced The brown solid obtained 
was recrystallised four times from benzene and gave large colour crystals (Found: Zr, 28-6; Cl, 
43-7% 

(b) Addition of ethyl acetate to Z1Cl, Ethy! acetate (100 c.c.) was added to rirconium tetrachloride 
(65 ¢) <A vigorous reaction occurred but no hydrogen chloride was evolved. The yellow solution 
_obtamed by filtration was concentrated under reduced to a brown solid (9-6 ¢.) which was 
recrystallised twice from benzene. The colourless crystalline product was identical im crystallme form 
with the material obtained in the previous experiment (Found: Zr, 28-5; Cl, 43-0; C, 150, H, 2-6. 
ZrCl, CHyCO,Et requires Zr, 28-4; Cl, 441; C, 149; H, 25%) 


Preparation of ZrCi,(OEt) CH, -CO,Et.Acety! chloride (4-1 g.) in benzene (24-7 g.) was added to an 

simolecular mixture of ZrCl,(OEt), EtOH and ZrCl,(OKt), (14-2 g.) in benzene (50 c.c.) and refluxed for 

156 mimates. The solution was concentrated to half bulk and then deposited a mass of crystals. After 

being recrystallised several times from benzene, the colourless product (2-9 g.) was dried at 100°/1 mm 

(Found: Zr, 26-4; Cl, 320; EtO, 20-7; €, 21-3; H,39 ZrCl(ORt) CH,-CO,Et requires Zr, 27-6; Ci, 
2; C, 21-8; H, 40%) 


Preparation of ZrCi(OEFt), —(a) Im benzene solution. Ethyl! alcohol (20 c.c.) was added to zirconium 
tetrachloride (4-06 g ), and the solution boiled for 30 minutes and filtered. Benzene (300 c.c.) was added 
ty the filtrate, and the free alcobol removed slowly by azeotropic distillation at 100 A %)-cm. column 
packed with Fenske helices was used, with a Whitmore—Lux pattern total-condensation variable-take-ott 
stillhead. The distillate was contaminated with hydrogen chioride. The solution was concentrated 
under reduced pressure but failed to give crystals. On evaporation to dryness srcommum dichloride 
disthoxide was obtained as a solid which was dried at 100°/1 mm. [Found : Zr, 36-1; Cl, 266%; Cl/Zr, 
187. ZrClfOERt), requires Zr, 36-2; Cl, 2%1%!. The solid was very soluble in ethyl! alcohol, benzene 
or carbon tetrachlodide. It was sparingly soluble in light petroleum 


(b) Im ight petroleum solution. To smrconiam tetrachloride (14 g.), suspended in light petroleum 
(400 c.c.; b. p. 06-110"), ethy! alcoho! (5-7 g.) was added and the mixture led. Two liquid layers 
resulted bat on azeotropic removal of free ethyl alcoho! a single layer remained. Smal! clumps of 
crystals were deposited on cooling (Found : Zr, 36-1; Cl, 27-3%). 


Preparation of ZrCi {(OFt), EtOH.— Zirconium tetrachloride (8-13 g.) was added slowly to a solution 
of ammonia (1-2 g.) in ethy! alcohol (37-0 g.), and the mixture refluxed for 1 hour and filtered cold. The 
filtrate was evaporated to dryness under reduced pressure and the pale yellow solid (10 ¢ ) extracted with 
carbon tetrachloride (50 c.c.) and filtered at the boiling point. The filtrate was concentrated and induced 
to crystallise. The product obtained after recrystallisation from carbon tetrachloride was dried at 
80” 1 mm. (Pound r, 31-8; Cl, 24-2; EtO, 41-86%; Cl/Zr, 1-08; EtO/Zr, 2-58). The analytical values 
suggested that the compound corresponded to zt L,(ORt),. EtOH from which part of the alcoho! had 
been removed. From the mother-liquors more solid was obtained and this was recrystallised four 
times from carbon tetrachloride. The colourless crystalline product was dried at 30°/3 mm. (Found 
Zr, 05; C1 23-7, EO. 440. ZrCl (OFt), EtOH requires Zr, 30-6; Cl, 23-8; EtO, 45-3%,) 


Preparation of ZrCi, (OEt), CH, CO, Et. —Acetyl chloride (1-74 g., 2 mols.) in benzene (10 g.) was 
added to rirconium tetraethoxide (3-0 g., 1 mol.) and the mixture refluxed for 30 minutes. The solution 
was concentrated under reduced pressure until solid appeared After recrystallisation from benzene, the 
product (colourless needies) (25 ¢.) was dried at 40-—50°/3 mm. [Found Zr, 27-1; Cl, 210 
ZrCifOKt), CHyCO,Et requires Zr, 26-5, Cl, 20-89%). 


Actron of heat The foregoing product was heated for 6 hours at 80°/05mm_ Analysis of the result- 
ing gummy solid (1-6 g.) showed that the original substance was losing its ethy! acetate |FPound 
Zr, 31-5, Ch, 24-16; EtO, 34-7%: Cl/Zr, LOT, BtO/Zr, 224. ZrClfOEt), sCH,-CO,Et requires Zr, 
8. Cl 23-48% 


Preparation of ZrCWOEt), —Acety! chloride (0-52 g.) in benzene (6-6 g.) was added to zirconium 
tetracthaxide (1-8 g.) in benzene (3) ¢.c.), and the mixture refluxed for 15 minutes. The solution was 
evaporated to dryness under reduced pressure and gave solid sivcomsmm chloride triethoside (1-8 g.) which 
could not be crystallised from benzene, carbon tetrachloride, or light petroleum [Found : Zr, 34-7; Cl, 
14:25, EtO. 49-0. ZrChOERt), requires Zr, 34-8; Cl, 13-5; EtO, 51-6%) 


We thank the D.S.1.R. for a Maintenance Grant to one of us (D. C. B.), and the Union Oxide and 
Chemical Co. Ltd. for a gift of zirconium tetrachloride 


Mixxseck Coitece, Lonpow, E.C4 Received, September 18th, 1950 
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677. The Reaction of Nickel Carbonyl with Ethynyldimethylcarbinol 
and isoPropenylacetylene. 


By Eensr D. Bercmann and Emanvet Zimkin 


It is shown that carboxylation of the two compounds takes place at the termina! acetyleni 
carben atoms From ethynyldimethylcartinol, primarily betyl 4-hydroxy-4-methylpent-2 
enoate * is formed. the primary product trom tsopropenylacetylene dimerises to (probably) 1- 
methy!-5-isopropenyleydohexene-3 . 4-dicarboxylic acid 


Jones, Suen, and Wurrine (/., 1950, 230) have reported observations on the reaction between 
nickel carbonyl and monosubstituted acetylenic compounds R-C3}CH. In those cases in which 
reaction took place, it led to olefinic carboxylic acids of the type R-C(CO,H)ICH, or 
their derivatives, no significant reaction was observed with tertiary a$-acetylenic carbinols 

In connection with experiments on the synthesis and chemical behaviour of such carbinols 
Zeltwer and Genas, U.'S.P. 2,345,170 (Chem. Abstr., 1944, 38, 4273); Weismann, BP. 580,921 
(Chem. Abstr., 1947, 41, 2429) and 573,527 (itid., 1949, 43, 2219); U.S.P. 2,435,524 (sbid., 1948, 
42, 3772)), their reaction with nickel carbony! was studied some time ago; it was found that 
ethynvidimethylearbinol (I) reacted with the carbonyl in presence of butanolic hydrogen 
chloride even at room temperature, and more quickly at 40", and gave a distillable product in 
reasonable yield. As the structure of this product could not be ascertained, it was hydrogenated. 
The following observations show that the butyl ester (11) had been formed the hydrogenation 
was accompanied by partial hydrogenolysis and gave—after hydrolysis—-a mixture of tsohexano- 
lactone (111) and ischexanoic acid (IV), which could be separated by means of cold potassium 
carbonate solution; both were identified by characteristic derivatives. The reaction can be 
formulated as follows 


(CH,),CIOM)CICH ~—> (CH,),C(OH)CHICH-CO,Bu —> © ** My “\ 
L. u . 
UL.) (i) (itL.) 


i 
¥ 
(CH,) CH-CH,CH,CO\H = (TV) 
It is remarkable that, under the conditions employed, the reaction of ethynyldimethylearbinol 
with nickel carbonyl takes a course opposite to that observed by Jones, Shen, and Whiting, and 
that it does so exclusively, at least as far as can be determined by the isolated product 
ssoPropenylacetylene (V), too, could easily be induced to react with nickel carbonyl, when a 
mixture of glacial acetic acid and methanol was used as reaction medium. At 0° to — 10°, 
78% conversion took place in 12 days, at 25° 60% in 5 days, and at 60° almost all of (V) 
disappeared in about 8 hours. The product, however, was much less characteristic than in the 
foregoing case. It consisted of a crystalline acid, m. p. 210° (decomp.), small quantities of a 
methyl ester, and—as main constituent-——a resinous acid, softening at 80-—90°. Jones, Shen, 
and Whiting have already observed that free acids are formed in this type of reaction in 
hydroxylic, but—at least seemingly —anhydrous, solvents 


CH, 
CHyC -GCH CHyC-CH{CH-CO,H CHYSCMeCH (CCH 
H, — “Hy a HO H fi : 
(V.) (VI) ‘ 
CH-CO,H 
(VIL) 

The crystalline acid had the expected formula C,H,O, {(V) + CO + H,O), but proved to be 
dimeric and to contain two double bonds. It is, therefore, monocyclic. It may be tentatively 
assumed that the acid (VI), analogous in its formation to (II), dimerises to 1-methy!-5-iso- 
propenyleyclohexene-3 : 4-dicarboxylic acid (VII), in accordance with reaction mechanisms 
observed by Kuhn and Deutsch (Ber., 1932, 65, 43) in similar cases. No proof of the structure 
beyond this analogy was attempted. It may, of course, be that (V) dimerises before the reaction 
with carbon monoxide takes place, according to the mechanism outlined by Alder (“ New 
Methods of Preparative Organic Chemistry,” p. 389, New York and London, 1948), and by 


‘ * Geneva numbering. 
10 ™ 
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Copenhaver and Bigelow (" Acetylene and Carbon Monoxide Chemistry,” p. 253, New York, 
1949) 

The analogous reaction of vinylacetylene was studied by Reppe ("" Neve Entwicklungen der 
Chemie des Acetylens und Kohlenoxyds,”’ Berlin, 1949, p. 99) as a side reaction in the carboxy! 
ation of acetylene 


EXPERIMENTAL 


| thynyldimethylicartinel and \Nwhei Carbonyl The carbinol (15-1 g.. 15 mol micke! carbony! 
(#56 g.. 0-05 mol.), and a solution of hydrogen chloride (7-3 g., 0-2 mol.) im anhydrous bety! alcoho! 
(1) <<.) were cautwosly heated at 40° in a sealed glass tube, which was immersed in an iron tube, filled 
with water. When at #” the exothermic reaction set in, as indicated by precipitation of nicke! chloride 
the heating was interrupted, and was resumed (for 4 hours) when the spontaneous reaction had 
subsided. Analysis of the reaction mixture showed that 612 mol. of ethynyldimethylcarbinol had 
disappeared (0-06 mo! unchanged) and that 0-03 mol. of nickel carbony! had been consumed (determin 
ation of nicke! chilorule The excess of carbony! was distilled off, and the reaction product washed with 
water The aqueous layer was once extracted with ether, and the combined ethereal and butanol: 
solutions were treed from solvent and unchanged (1) by distillation under 30 mm. pressure (up to 60 
The residue (15-3 g.) was then separated from some resinous materia! by distillation im vacuo (without 
fractionation) (yield, 13-9 @) and directly subjected to hydrogenation at room temperature and 
atmospheric pressure palladium being used as catalyst The quantity of hydrogen consumed was 
120%, of that calculated for (Il 


Distillation under 24 mm. pressure gave fractions (4) 90-91, 3-3 xg «Ee L-42zle +) 06 lo? 
43g. wf? 1.4905, (c) 122-142", 1g, RP 14800, (a) 160-176", 21g, wR 14517 


Fractions (4) and (6), which were more fally investigated, had approximately the composition and 
saponification value of the dihydro-derivative of (11) |Found: (4) C, 64-3; H, 11-2%; 5.V., 309, (6) ¢ 
664, H. Os%, SV. 348. Cale. for CL HO, C, 63-8; H, 106%; S.V. 300 They were combined 
and hydrolysed with alkah, and the aculs extracted with ether, and the ethereal solution was treated 
with cold aqueous potassium carbonate solution. (i) The ether-soluble fraction was washed with dilut« 
acid and solidified at 10° m. p. of (111 1” Noyes, /. Amer. Chem. Soe., 1901, 23. 302 it was identified 
as scohexanolactone (111) by conversion into 2-hydroxyssehexanamide by means of aqueous ammonia 
np 100-5" (Stroem, /. pr. Chem... 1803, 48, 220, gives m. p. 101°) (Found C, 54-6 1,96. Cale. for 
‘ oH of WN. C550 H, 10-0%). (n) The carbonate-soluble (acidic) fraction was isolated by acidification 
extraction with ether, and distillation under atmospheric pressure b. p. of tsohexanoic acid (LV), 200 
vot Bentley and Perkin, /.. 1808, 73, 49 The saturated substance gave a well-crystallised p-pheny 
phenacy!l ester, m p 704° (Wrede and Kothhaas, Ber, 1934, 67, 739, give m. p. 69-70") (Found ¢ 
77:2; H, 74. Cak. for CLH,O,. C, 77-4; H, 71% The ester gave no depression with the authent: 
pP-phenyiphenacy! ester of tschexanos acid, but its m. p. was lowered by 12-5" upon admixture with the 
corre a s ester of methylsopropylacetic acid (m. p. 73-5 Wrede and Kothhaas, /oc. cit.) (Found 
‘ H, 75% 


tsoHexancoie acid (1V) was synthesised according to Noyes (Joc. cst.) and methylisopropylacetic acid as 
follows from ethyl! malonate and tse oropy! bromide, ethy! isopropylmalonate (b. p. 213-—214° 745 mm 
was obtained in 72%, yreld (Org. Synth, Coll. Vol. I, p. 250) t was methylated in the usual manner to 
ethy! methyltsepropyimalonate, b. p. 221° 752 mm., in quantitative yield. Hydrolysis of this ester and 
decarboxylation of the corresponding acid (after recrystallisation from benzene) at 160° gave the desire: 
acid, b. p. 189-101" (Levene and Bass, J. Biol. Chem., 1926, 70, 211 


isoPropenviacetylene and Nickel Carbonyl The hydrocarbon (b. p. 33-5) was prepared by distilling 
a mixture of 200 ¢ of (1) and 300 ¢ of 30%, (by weight) sulphuric acid in an efficient column, so that 
the vapour temperature never rose above 40 The distillate was dried (Na,SO,) and redistilled (yield 
a5 g., 54%) 
The reaction between the hydrocarbon (13-2 ¢.. @ 2 mol.) and nickel carbony! (8-55 ¢., 0-05 mol.) was 
carried out 19 a mixture of acetic acid and methanel at 60°”. as described above. Water was added until! 
no more oil (see below) separated Then the supernatant layer was decanted and acidified, whereupon a 
olourless aced (3-1 g.) separated VII | The latter was recrystallised repeatedly from 70%, acetn 
acid and had m. p. 210° (decomp It could be sublimed under 2 mm. pressure without decomposition 
it did not polymerise when heated for 5 days at 70° im presence of benzey peroxide; it is, therefore 
mlikely that it contains a conjugated system; it does, however, contain two double bonds Found 
Cc 645: H, 73%: Br no, 1% me. ez equiv. (by titration 114, Af, 200 (im glacial acetic acid 
CHO, requires C, 64-3; H, 71%. Brno, 143, equiv 112; M, 224 (Farmer, Morrison, and Jones 
have determined the molecalar weight of a similar cyclohexenedicarboxylic acid in glacial acetic acid, / 
1940, 1330.) The di-(p-phenylphenacy!) ester, from butanol, had m. p. 150-152 Some proof for the 
tentative structure (VII) was found on investigation of the wfra-red absorption spectrum of its (oily) 
dimethy! ester, obtained by use of the theoretical amount of diazomethane and having b. p. 146-148" 5 
mm. (Found C, 666; H. 80. Cale for C, H,O, C. 667. H, 80%, Double bonds of the types 
R,CCH, and R,CCHR should absorb in the 885-—900-cm.~ and the 825--250-cm_“ region, respectively 
eee Rarnard and co-workers, /.. 10%) 615. also for literature In fact, a strong band was observed at 
807 cm.“ a weak one at 874 cm.", and a strong one at S42cm.~'. These data do not, of course, exclude 
ther structures similar to (VII) 

The oily product (see above) was dissolved in ether and the ethereal layer treated with aqueous 


sodium hydroxide. The latter solution, on acklification, gave a brown, resinous acid (6-6 g.), and the 
ethereal layer, on evaporation, left an oily resxiue, a neutral monomethy! ester (2-4 ¢ Its homo- 





(1950) Infra-red Examination of Terpenoid Substances. 3457 


geneity could not be definitely established to lack of material; it comtained two double bonds 
Found : equiv. (by hydrolysis), 198; Br no, 140. Cake. for C,,H,,O,: equiv. 1%; Br no, 165 
Poesiaily. this ester corresponds in structure to (v 11), which would have lost one carboxy! group (compare 
Wicks, Daly, and Lack, J. Org. Chem., 1947, 12, 713) 


This investigation was made possible by a grant from Messrs. Petrocarbon Ltd. (Manchester) to one 
of us (E. Z.) ‘he infra-red spectrum was investigated by 5. Pinchas 


Danret Sterr Ressaecu Iwsrrrere, 
Wetzmann Inerireve oF Scrence, Renovornm, Iseant. ‘Received, May Oh, 1950 


678. Infra-red Examination of Terpenoid Substances. 
By M. F. Carroit, R. G. Masowx, H. W. Tuompson, and R. C. 5. Woop 


In @ previous paper infra-red measurements were applied to determine the nature of the end 
groups in certain terpenoid compounds. The characteristic vibration bands for the tsopropeny! 
and tsepropylidene groups were explained. This work has now been extended by a more 
systematic study with compounds of known origin and method of purification. It has been 
found that citronelial, citronellol, and geraniol obtained from the natural oils occur exclusively 
with the ssopropylidene structure. A sample of aa ee by dehydration of the 
hydroxy-derivative was largely in the tsepropenyl form be contaminant in natural oils 
giving mse to the ssopropeny! groups has been separated, and is not an alcohol, although its exact 
nature has not been determined 


Ir has already been shown (Thompson and Whiffen, /., 1948, 1412) that the infra-red absorption 
spectra of alicychec terpenoid substances may be used to determine the presence of the isopropenyl 
(CH,:CMe-) or isopropylidene (CMe,:) end groups in such compounds. Measurements with 
several substances such as citronellal, citronellol, and geraniol suggested that the specimens 
contained both types of group, but, whilst different samples varied in the relative proportions 
of the two types, the isepropylidene group seemed predominant. It was stated clearly that the 
matter required further examination on compounds of known origin and method of purification 
before it could be finally clarified 

We have therefore re-examined this problem, using samples of citronellal, citronellol, and 
geraniol prepared by different methods, and have used the infra-red absorption spectra to follow 
the changes during the purification processes. Our results now show that when these substances 
are prepared in a pure state from the natural oils the tsopropeny! group is hardly detectable 
When citronellal is prepared by the dehydration of hydroxycitronellal, however, the isopropeny| 
end group is formed predominantly. The component in Java citronella oil which appears to be 
mainly responsible for the isopropeny! group found in the crude sample of geraniol has been 
extracted, and although it is impossible to decide whether it is a single compound or a mixture by 
this method the spectrum indicates the presence of ketonic material and the absence of hydroxy! 
groups 

Recently, and after the present measurements were completed, Barnard, Bateman, Harding, 
Koch, Sheppard, and Sutherland (/., 1960, 915) described similar measurements on this problem, 
and used the correlation rules and methods which were given by Thompson and Whiffen. They 
reached the same conclusions as ourselves, namely that the tsopropylidene structure is in general 
the important one. Our approach has been somewhat different, however, and more systematic, 
and we have traced the details of separation of the pure substances from several sources and are 
now able to explain the whole matter more exactly. The main contribution of the above 
authors is perhaps to draw attention to the comparatively high value of the extinction coefficient 
of the C-H bending vibration of the isopropenyl group at 890 cm.~', strengthening the 
argument that few such groups can be present, although it will be shown later that this consider- 
ation is scarcely relevant now. It may also be noted that we seem to have obtained rather 
better spectral resolution in some cases 

The spectra were measured with a Perkin Elmer spectrometer, model 12C, which was dried 
out sufficiently to make the water band at 6 yu. extremely weak. The substances were measured 
as liquids in rock-salt absorption cells of varying thickness (003-01 mm.) A rock-salt prism 
was used. Measurements in the region of 3 u. with a lithiom fluoride prism were not made since, 
although some of the substances have a band due to hydroxy! groups in addition to those due to 
the stretching modes of C~H bonds, little further information pertinent to the problem is likely to 
be obtained here. Details of the methods of extraction and purification of the compounds are 
given below. 
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Resvutts axnp Discussion, 


The plan of this work is explained schematically in Fig. 1, and the spectra are shown in 
Figs. 2 and 3. Commercial citronellal (4) obtained by the fractionation of Java oil shows the 
bands near $30 /1675 and $90, 1645 cm.~! associated with ssopropylidene and tsopropeny! groups 
respectively. The band near 1725 cm.-' is due to the carbonyl group. Pure citronellal (C) 
made by extraction with sodium hydrogen sulphite shows no bands at 890/1645 cm.~' and we 
therefore conclude that the substance is free from isopropenyl groups. The bands at 830/1675 
em.“ due to the isopropylidene group remain. This spectrum of pure citronella! shows rather 
greater detail than others so far reported 

Similarly, the citronellol (£) obtained by the reduction of pure citronellal (C) shows only 
bands due to the tsopropylidene group, and again the spectrum now given seems rather better 
resolved than those previously measured 


bia. I 


Java (itronella oil 


Geraniol fraction Commercial cotvomelial (A) 


Commercial geranvd (1) i 


i 
| 
Residual aleokoi Goene (HM) Cetronelial (C) Hydrory 
lerpomes } cttvonciial (F) 


© 
Alcohols (1) “ Terpenes" (J) Citronellol (FE) isoPulegol (D) Cutronellal (G) 


(l) free from 
geramiol, = (KK) 
Nindi ol > Geraniol (M) 
> Geramol (L) 
Rois de Rose oil 
> Linalosl (N) 


Citronelial (G) has also been prepared from the commercial product (4) by a different route, 
hydroxycitronellal (/) being first obtained by hydration and sodium hydrogen sulphite 
extraction, followed by dehydration. The hydroxycitronellal (/) shows, as expected, no bands 
near 1645, 1675 cm.~' due to C—C bonds in the tsopropeny! or tsopropylidene groups, and none 
at 890 cm."'. It may be noted, however, that it has a weak band at 824 cm.-' which must be 
due to some vibration other than the characteristic olefime C-H deformation. The contrast 
between the spectra of (F) and (C) as regards position of many other bands is noteworthy in view 
of the comparatively small structural change between these molecules. The citronellal (G) 
formed by dehydration of (F) is strikingly different from (C) in that it seems to be almost exclus- 
ively in the isepropeny! form, the bands at 890 and 1645 cm ~' being very intense and those due 
to the isepropylidene group hardly detectable. The possibility that the double bond might have 
migrated during the dehydration so as form a compound including the linkage CH°CH seems to 
be excluded since there is no strong band near 965cm.'. It seems therefore that, whereas the 
naturally occurring citronellal is in the ssepropylidene form, the compound obtained by 
dehydration has very largely at least the alternative structure. It would be expected that 
dehydration of such a tertiary hydroxy-compound should give roughly equal amounts of the two 
isomers, and the fact that the rsepropylidene form is absent is probably due to the relative case 
with which it uw formed tsopulegol (see below) which was present in quantity in the crude 
pyrolysed product 

Pure citronellal (C) was converted into tsopulegol (D) which is known to have the tsopropeny! 
side chain, this being borne out by its spectrum. The bands at 890 and 1645 cm.“ are very 
intense and there is no band at 1676 cm". Here again, there is a band near 830 cm. which 
might be attributed to the tsopropylidene radical, but the absence of a band at 1675 cm.-? 
suggests that it is in reality due to some other skeicta! vibration. 

Commercial geraniol (8) obtained from Java oil contains both types of olefinic end group. 
The pure geraniol! (H) obtained from (8) by extraction with calcium chloride had only extremely 
feeble bands at 890 1645 cm.~' indicating again an exclusively tsopropylidene structure. In the 
spectrum of (+) the fairly strong bands at 1057 and 1155 cm.~' shown by (B) are absent, and there 
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are other minor changes of band intensity and position. The residue from (8) was separated 
further Fraction (/) (other alcohols) appeared to contain almost exclusively the isepropylidene 
end groups; it also had a band near 1057 cm. to which reference has just been made. The 
product (AK) ((1) free from geraniol) has a spectrum almost identical with that of (/), but there 
appears to be a further strengthening of the band at 1057em.~'. This might well be assigned to 
a vibration of an alcohol hydroxy! group, and could well be due to citroneliol. 

The fraction (J) (" terpenes ‘") may either be a single compound or a mixture, but it is rich in 
the ssopropeny! group (890/1645 cm.~*) and it also has the strong band near 1155 cm.~' present 
in crude geraniol (8). (J) also contains ketonic or ester material (1730 cm.~') and there is a band 
near 795 cm.~' which cannot immediately be explained. The ketonic or ester material was not 
detected in sample (B) and may have been produced during the later chemical operations, but, 
whatever the precise nature of (/), it seems to contain the compound or compounds vesponsible 
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for the isopropeny! groups present in the crude geraniol. A further umportant point is that (/) 
shows no appreciable absorption between 3200 and 3300 cm.“ attributable to a hydroxy! group 
and found in the alcohols. Thus (/) cannot be an alcohol, and we therefore have additional 
evidence that the compound with tsopropeny! end groups is not geraniol itself, This fraction 
should contain the acyclic sesquiterpenes, sesquicitronellin isolated by Semmiler and Spornitz 
(Ber., 1913, 46, 4025), stated to be CMeSCH(CH ) y-CMeiCH-CHyCHICMeCHICH,. The 
presence of the isopropylidene group is not borne out by the spectrum of (/), but in any case this 
fraction is not even physically 

Two other samples of geraniol (L and M) have been prepared from natural oils. Each of 
these gave a spectrum identical with that of (H). 

The spectrum of another sample of linalodi (N) was also measured. It agrees with that given 
in Thompson and Whiffen’s earlier paper; the bands near 915, 995 cm.~' due to the viny! group 
are marked, and those due to the tsopropylidene group are prominent, whilst there is a barely 
detectable amount of isopropeny! grouping. 
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The general conclusions of this work can be stated as follows: (1) The carefully purifed 
samples of geraniol, citronellal, and citronellol obtained from natural oils of different kinds are 
homogeneous as regards the olefinic end group, which is the isopropylidene structure. (2) 
Preparation of compounds such as citronellal by dehydration of the corresponding hydroxy- 
compound may yield almost entirely the tsopropeny! form. (3) The material in natural Java oil 
responsible for the isopropeny! end groups can be separated and is shown to be not only different 
from geraniol, but not an alcohol at all. (4) The present work shows that much of the evidence 
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on the homogeneity of this class of compound must be regarded as misleading, presumably 
because of rearrangements or other chemical processes which take place during the determination 


EXPERIMENTAL. 


Products ssolated from Java Citronella Oil.—A standard grade of Java Citronella Oil, distilled in vac 
gave two main fractions, the lower-boiling containing 90%, of citronellal, and the higher alcohols, esters 
sempuiterpenes, et: The citronellal (4) was extracted by sodium hydrogen sulphite solution from which 
the aldehyde, obtained in 95% yield, had a? +104", wR 14480, and @ 0-856. Hydroxylamine 
titration showed citronellal 100° The crude semicarbazone obtained in quantitative yield had f{. p 
s2—83° and m. p 82-85". after one crystallization this gave a good yield of pure product, m. p. 85 

{. Carroll, Perf, Ess. Ol Ree, 1947, 226 


The second fraction was hydrolysed with alcoholic potassium hydroxide and the recovered oi! was 
listilled in a vacuum The distillate () was treated with calcium chloride, the geraniol adduct treated 
with water, and the oi! distilled This o:! was re-treated and then distilled without fractionation (Found 
eraniol, by acety! val., 100%, by Br val., 00-59%); aff 40-0", wf? 1.4770 The purity of this material 
was checked by making the p-nitrophenylhydrazone of the acetoacetate (Carroll, unpublished work) in 

santitative vield; it had f. p. 85°, and after one crystallization m. p. 91-592 


The mother liquors from the calcium chloride treatment were acetoacetylated (Carroll, XIth Internat 
Congr, Pure Appl Chem., Sect. 2, in the press) and the non-alcoholic portion was distilled off under a 
igh vacuum. This material was re-treated with acetoacetate to remove traces of alcohols, and the 





1950 The Synthesis of Simple Peptides, etc. 346) 


recovered terpenes | were bowled with alooholic um bydroxide, and the extracted oi] was distilled. 
to give sample (/), #ff 1-492) (Br absorption, 1-47 g.«.) 

The alcohols were recovered from the ester by alkaline hydrolysis. This fraction (1) was further 
treated with calcium chloride to remove as much geraniol as possible, giving the product (K). aff + 2-06", 
af 1.4640, Br absorption 1.39 ¢. g., which corresponds to approx. 2 parts of citronellol to one of nerol 
(or geraniol) 

Citronellol from Cuitronellal.—Citronelial (C) was reduced with alummium tsepropoxide, and the 
alcoho! (£) obtained having off 3-6", df 0-8570, nJ? 1.45772 (Found : citroneliol, by acety! val., 100%) 

Geraniol from Ninds Ou. The orl was saponified with alcoholic potassium hydroxide, and the geraniol 
fraction separated by vacuum-distillation. The geraniol (M) obtained from this fraction by calcium 
chloride treatment had off +.0-0°, 2% 0-8848, «ff 1-4778 (Found . by acetyl val. 90-79%; by Br 


geraniol 
val. 90-5%). The p-nitrophenylhydrazone of the acetoacetate had {. p. 89-5-—-90° and after one crystal- 
ization m. p. 92-0 


Geramol from Bows de Rose Oil.—The alcoholic fraction obtained by removal of linalod! (see below) 
was treated with calcium chloride as above. The recovered geraniol (1) had «ff 1.4784, df 0-8838 
(Found : geraniol, by Br val., 98-79%). The acetoacetate p-nitrophenylhydrazone had {. p. 88-00", and 
after one crystallization m. p. 91-2 


Linalodl from Bows de Rose Ol — After saponification with alcoholic potassium hydroxide the separated 
ul was fractionated in a vacuum \ fraction having «ff 1-4632 and df 0-8670 (commerical! linalodl) 
was obtained, and this was further fractionated to produce pure linalodl (N), «ff 1.4630, df 0-8670. The 
phenylurethane was obtained in nearly quantitative yield, f. p. 60—61", which after one crystallization 
had m. p. 62-5 


iso Pulegol.—Citronelial (C) was refluxed with acetic anbydride for 24 hours, the product hydrolysed 
with alcoholic potassium hydroxide, and the oi! distilled. The alcohol (D) obtained in good yield had 
nf? 1.4727 and d 0-9130 

Citronelial from Hydroxycitronelial._ The hydroxy-aldehyde (Veriey, Buil. Soc. cham., 1928, (iv), 4 
$46) was dehydrated by heating it with 0-1%, -xylenesulphonic acid under a short column at 90° 1 mm., 
s© that citronella! distilled off as it was formed A yield of 35%, of citronelial of 04% purity was obtained, 
und this gave the pure product (G) (100% as citronelial) in good yield after sodium hydrogen sulphite 
treatment, having wf 1.4450, df 0-8501, aff 9-5 The semicarbazone, obtained in theoretical yield, had 
{. p. 58 This was not quite homogeneous, as after repeated crystallizations the m. p. was 65 A 
mixed m. p. with the semicarbazone of (C) gave a maximum depression of 7° 
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679. The Synthesis of Simple Peptides from Anhydro-N-carbory- 


amino-acids. 


By J]. Lecoerr Baitey 


Various simple peptules of pt- and L-alanine, L-leucine, L-cystine, L-tyrosine, and glycine 
have been prepared by reaction of the corresponding anhydro-N-carboxyamino-acids with 
amino-acid and peptide esters in anhydrous solvents at low temperatures. The intermediate 
carbamates have in some cases been isolated and characterised. The use of 2-thic-oxazolid-6-one 
for the addition of a glycyl residue to an a-amino-acid ester is described 


CONSIDERABLE attention has been focused on the polymerisation potentialities of the anhydro-N- 
carboxyamino-acids (I) (Astbury, Dalgliesh, Darmon, and Sutherland, Nafure, 1948, 162, 596 
Woodward and Schramm, J]. Amer. Chem. Soc., 1947, 69, 1551). The more limited use of these 
compounds in simple peptide synthesis has been recently reviewed (Fruton, “ Advances in 
Protein Chemistry,’ Vol. V; Cook and Levy, /., 1950, 646), but it is pertinent to recall the 
following impotant contributions to this field. Phenylalanylglvcine, phenylalanyiglycylglycine, 
and phenylalanyltyrosy] anhydride have been prepared from anhydro-N-carboxy-$-pheny!- 
alanine (Wessely, Z. physiol. Chem., 1926, 157, 91). Condensation of anhydro-N-carboxy-p- 
alanine with two equivalents of histidine ester in chloroform afforded p-alanyl!-1 -histidine (31%) 
after hydrolysis (Hunt and Du Vigneaud, ]. Biol. Chem., 1938, 125, 699). Glycyiglycine ester 
and glycine morpholide were produced in low yield by reaction of anhydro-N-carboxyglycine 
at 0° with glycine ester and morpholine, respectively (Billimoria and Cook, /., 1949, 2323) 


KR-CH-CON RCH4Y 


(L) | 0 S (tL) 
NH-CO” NHS’ 
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Glycine peptides up to pentaglycine and various dipeptides have recently been prepared 
from the analogous 2-thio-5-thiazolidones (If) (Cook and Levy, loc. cit.) The successful use of 
these compounds and the fact that substitution in the 4-position greatly enhances their stability 
prompted the present re-examination of the properties of anhydro-N-carboxyamino-acids 
(other than the glycine derivative) at low temperatures. As already briefly reported (Leggett 
Bailey, Vatere, 1949, 164, 889), reaction of the latter with two equivalents of an a-amino-ester or 
with one equivalent each of an 2-amino-ester and a tertiary base has provided a ready means of 
synthesising simple peptades 

Preliminary expermments were carried out with anhydro-N-carboxy-pL-alanme, which is 
already considerably more stable than the corresponding glycine derivative. Reaction of the 
former in ethy! acetate with two equivalents of glycine ester at -- 10° produced fine needles of the 
carbamate (I11) in 80% vield. A solution of (111) in chloroform evolved carbon dioxide slowly 


CH,CH CO , CH CH CONHCH,CO Ft 
O + INHyCHYCO,Et 
NH-CO NH-CO,H.NHyCH,CO,Et 
(iil 


j 
$ yen, 
“ 
CH, CHCONHCHSCO,LEt a CH yCH-CONH-CH,CO,ER 
NH, NH-COM«e 
NH, CH, CO Ft (TV 


at room temperature but more rapidly at 40 The dry material could be stored at room 
temperature under carbon dioxide without appreciable decomposition. Treatment of (III) 
with ethereal diazomethane at 0° gave the carbomethoxy-derivative (1V) and glycine ester 

In general, the properties of (111) resembled those of the carbamates (V) formed when carbon 
dioxide is passed into solutions of a-amino-acid esters at 0° (Frankel and Katchalski, /. Amer 
Chem. Soe, 1943, 65, 1670 For instance, the compounds (V) reacted analogously with 
dhazomethane 


RH -CO,Et CHS, KR-CH-CO,Et 
> + NH yCHR-CO,Et 


| | 
NH-CO,H. NH CHR-CO,Et NH-CO,CH, 
\ 


When (111) was dissolved in a small volume of water, carbon dioxide was evolved and crystals of 
2 S-ciketo-3-methylpiperazine -eparated. Attempts to obtam a pure specimen of pt-alany! 
glycine from (111) were unsuccessful, and the possibility of substituting a tertiary base for one 
equivalent of glycine ester was next explored. Whereas anhydro-N-carboxy-pL-alanine in the 
presence of triethylamine polymerised almost immediately at room temperature, the rate of 
polymerisation appeared to be much slower at —40°, and at — 70° no polyalanine was deposited 
after two hours. When one equivalent of glycine ester, precooled to 40°, was added to a 
solution of the anhydride and one equivalent of tnethylamine in ethy! acetate at — 40°, reaction 
was slow at first, but after an induction period of about 10 minutes the temperature rose sudden!y 
The new carbamate (V1) could then be precipitated by means of anhydrous ether. It proved to 
be more deliquescent than (111) and decomposed rapidly at room temperature yielding pL-alany!- 
ulycine ester, trethylamine, and carbon dioxide 
CHYCH-CO wow «=CHYCHCONH-CHSCO,Ft Room temp € H,CH-CO-NH-CH,CO,Et 
vu) —p»> al ' 
NH-CO NH-OCO,HNEt, NH, 
+ NHyCHyCO,Et (vi + CO, + NEt, 
+ NE, 


Hydrolysis of (VI) with bariam hydroxide yielded pi-alanylglycine in 62% yield, with some 
2: 5-diketo-3-methylpiperazine, The pi-alanylglycine obtained was an amorphous powder 
but when coupling was effected with anhydro-N-carboxy-.-alanine crystalline L-alanylglycine 
was obtained (68°). Diketopiperazine formation would not be expected to occur during the 
hydrolysis of a tripeptide ester, and accordingly crystalline t-alanylglycylglycine was obtained 
im 88°, vield from the condensation of anhydro-N-carboxy-t-alanine with glycylglycine ester 
in the presence of methyidioctyiamine This base was more easily rendered anhydrous than 
tnethylamine and could be recovered from the aqueous solutions by extraction with solvent 
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When (VI) (prepared from t-alanine) was dissolved in chloroform at room temperature and 
coupled at — 65° with a second equivalent of the anhydride, an 85°, yield of L-alanyl-t-alanyl- 
glycine was obtained after hydrolysis 

In view of the important role played by cysteine in biological processes, it was desirable to 
attempt the synthesis of cysteine or cystine peptides by this method. The use of biscarbo- 
benzyloxy-.-cysty! chloride (VII) in the preparation of t-cystylbixglycine is well known 
(Loring and Du Vigneaud, J. Biol. Chem., 1935, 111, 385). When a solution of (VII) in dioxan 
was warmed to 40°, fine needles slowly separated and proved to be the new di(anhydro-N- 
carboxy)-1-cystine (VII1) combined with a molecule of solvent. Reaction of (VIII) with two 
equivalents of benzylamine in tetrahydrofuran at — 10° and subsequent decomposition of the 
mixture with water gave the crystalline di(benzylamide) (IX). Treatment of (VIIT) with two 
equivalents of glycine ester at — 10° gave a highly insoluble carbamate which decomposed at 
room temperature to give the crystalline ester of L-cystylbisglycine, which after hydrolysis 
afforded L-cystylbisglycine (78°%,) of optical activity im good agreement with that found by 
Du Vigneaud (loc. cit.). Further reaction of this ester with anhydro-N-carboxy-pt-alanine in 
the presence of methyidioctylamine at —65° yielded di-pi-alanyl-i-cystylbiaglycine (48%) 


[ (HS ra {| CMS NH CHP [ CHS } 
CH-NH-CO,CH,P | > | CH-NH-CO a CH-NH, 

. coc j cOo-—-O Js L CONM-CHAPh J5 
(vil (vill ix 


In a similar way t-leucyl and L-tyrosyl peptides were readily available from anhydro-N- 
carboxy-t-leucine and O-acetylanhydro-N-carboxy-.-tyrosine respectively. Thus t-tyrosyl- 
glycine (62°), t-tyrosylglycyigiycine (77°,), L-tyrosyl-t-tyrosine (60%), t-alanyl-t-tyrosyl- 
glycine (70°), and t-leucyiglycylglycine (88%) were all obtained crystalline and had optical 
rotation data in good agreement with the values given in the literature 

All the peptides prepared by the present method ran as single spots on unidimensional 
chromatograms with butan -acetic acid as the mobile phase 

The failure, reported by other workers, of anhydro-N-carboxyglycine to couple satisfactorily 
with 2-amino-acid esters has been confirmed. It is possible, however, to couple this anhydride 
with glycylglycine ester to give a 40%, yield of tripeptide ester hydrochloride. When carbon 
dioxide 1s passed into chloroform solutions of glycyiglycine ester and giycylglycyigivcine ester, 
very stable, non-hygroscopic, crystalline salts are obtained. In the light of this knowledge it is 
surprising that better success has not attended coupling experiments with anhydro-N- 
carboxyglycine 

The stability of 2-th >-oxazolid-5-one (XIII) ts intermediate between those of anhydro-N- 
carboxyglycine and of 2-thiethiazolid-5-one. Thus polymerisation in an aqueous medium 
under the most favourable conditions produces polyglycine of molecular weight 300-450 


CHy—co 
NH O 
NH-CS*OiMe prredine / 
cs 


(X.) (XE) (NIL) (XTIL) 


CHYCO,Et Me oH CHYCORt NaOH CH,CO\K 800) 
_ — al 


NCS * NH-CS-OMe _ 


Brief mention of this new compound has been made in another connection (Alexander, Leggett 
Bailey, and Carter, Jest. Res. J., 1950, 20, 385) but a fuller account of its preparation via 
carbethoxymethy! isothiocyanate (X), N-thioncarbomethoxyglycine ethyl ester (XI), and N- 
thioncarbomethoxyglycine (XII) is now reported. Reaction of (XIII) with glycine ethy! ester 
and triethylamine at 0° and subsequent addition of ethanolic hydrogen chloride made possible 
a synthesis of glycyliglycine ester hydrochloride in 52%, yield 

Application of the general method now outlined to the production of higher peptides con- 
taining amino-acid residues in a definite sequence will be described in a further communication. 


EXPERIMENTAL 


The peptide coupling experiments were carried put under strictly anhydrous conditions. All! solvents 
were stored over suitable drying its for 2—3 weeks before use. Tetrahydrofuran, which was found 
to be an excellent solvent for ydro-N-carboxyamino-acids at low temperatures, was purified by 
refluxing it with potassium and was stored over anhydrous calcium sulphate. 

Anhydro-N -carboxy-pt-alanine.—This was prepared by reaction of carbony! chlornde with pt-alanine 
or its hydrochloride in dioxan at 40—50°. On removal of the solvent im vacwo, the residue crystallised 
(cf. Levy, Nature, 1950, 165, 152; Farthing and Reynolds, ibid., p. 647). Recrystallisation several times 
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from ether-light petroleum (b. p. 40-60") gave wart-like crystals, m. p. 45--46° (decomp.), in 75% 
yield 


tnhydro N -carbosy-L-alanume.—Simularly prepared (80%, yreid) from t-alanine in tetrahydrofuran at 
4) and recrystallised from tetrahydrofuran ether, this compound had m. p. 90° (decomp A sample 
was decomposed with »-bydrochioric acid at 35 . the t-alanine so produced had (af 40° compared 


with af +141" for the starting material 


Ln \anhydro- N -carbesy)-L-cysteme.Di(carbobenzyluay)-t-cystane (5 g.) (Bergmann and Zervas, Be: 
1932, 66, 1102) in dioxan (30 c.c.) was shaken with phosphorus pentachioride (11 g.) with cooling during 
15 minutes. The solution was filtered and warmed to 40° during one hour. Di\anhydro-N-carbory)-t- 
cystine separated in fine needles (2.4 g..74%). Recrystallised from dioxan, it had no melting point (Found 
(381) HL 426, N71, 5S, 162. CHO NS, CHO, requires C, 37-9, H, 421, N. 74, S, 168% 
Kecrystallised from tetrabydrofuran, the compound melted at 128° (decomp 


Anhydro- N-carbosy-t-deucine.—-Prepared in 85%, yield by the action of carbony! chloride on L-leucine 
im tetrahydrofuran at 45°, and recrystallised from ether-light petroleum (b. p. 40—60"), the compound 
melted at 77 


0) Acetylanhydro- N -carbosy-t tyronne.—O-Acety!-N <arbobensyloxy-t-tyrosime (3-5 g.) (Bergmann 
Z. physiol, Chem., 1934, 284, 17) in dioxan (20 ¢.c.) was shaken with phosphorus pentach|loride 
with cooling. The filtered solution was warmed to 40° during 20 mimutes, and the L-fyrosine 
lerivative (m. p. 90-100°) precipitated with light petroleum (b R Sal Recrystallisation from 
ethy! acetate gave a product, m 120° (Found. C, 57-6; H, 46, N,55. C,,H,,O,N requires C, 57-9 
H, 44: N, 56%) 
alt of N-Carbowy-pt-alanylglycune Ethyl Ester anth Glycine Ethyl Ester.—Glycine ethy! ester hydro- 
hloride (0-28 ¢.. 2 equivs.) was stirred with a 2%, solution of ammonia in chloroform (1-2 ¢.c.) and the 
«lation filtered from the precipitated ammonium chloride (cf. Hillman, Z. Naturforsch, 1946, 1, 682 
After removal of the slight excess of ammonia by concentration of the solvent im vacuo, ethy! acetate 
‘lt was added, and the solution cooled to lv A solution of anhydro-N\ -carboay-pt-alanine 
11 ¢.) in ethyl acetate (1 ¢.c.) was precooled to — 10° and added slowly to the glycine ester. Fine 
needles of the carbamate (111) separated rapidly, and after one hour were washed with anhydrous ether 
snd stored in an atmosphere of dry carbon dioxide (0-25 g., 80%; m. p. 71-—72°, decomp A carbon 
luxide determination was carried oot according to Van Slyke and Neil] (Peters and Van Slyke. 
(Juantitative Clinical Chemistry 1932, Vol II, 283) (Found N, 13-4; CO, 136. C,,H,O.N, 
requires N, 13-1. CO, 13-7%) The salt (111) (0-3g.) was dissolved in water (2 ¢.c.) at room temperature 
long needles of 2) 5 diketo 3-methy!piperazine crystallised out (0-11 g., 92%; m. p. 239-240", decomp.). 
When an ethereal solution of diazomethane was added to (II1), brisk evolution of nitrogen was observed 
When the reaction was complete, ethereal hydrogen chloride was added to precipitate giycine ethy! ester 
hydrochloride Concentration of the filtered solution yielded an oil, which was carbomethoxy-pt 
slanyigiveine ethyl ester (Found C, 463, H,@4, N, 12-15. Cak. for C,H,,O,N,° ©, 466; H, 69 
N, 12-08% 


Sali of N-Carbesy-pt-aelanyighyoune Lihyi Ester with Tniethylamine.—Glycine ester hydrochloride 
(*) 14 @., | equiv ) was treated with ammonia in chloroform as above, and the free ester transferred to 
ethyl acetate (1-5 The solution was cooled to — 40°, and anhydrous triethylamine added (0-14 c« 
| equiv.) Anhvdro- N-carboxy-pt-alanine (0-11 g.) in ethyl! acetate (1-5 ¢.c.) was cooled to 40° (carbon 
fioxide-acetone bath) and added slowly to the mixture of bases After an induction period of about 
10 minutes an exothermic reaction took place The reaction mixture was left for two hours at the same 
temperature, and the carbamate (1V) precipitated with precooled ether, it decomposed fairly rapidly at 
room temperature Addition of ethereal diazomethane at 40° to (LV) gave a colourless solution 
after 12 hours In this case the liberated triethylamine could be removed im vacuo to leave the oily 
carbomethoxy-derivative whech crystallised after | week 


pt Alanylelye ime The carbamate (IV) (0-32) was hydrolysed with 0-37N-barium hydroxide (2-7 « 
st room temperature during 15 minutes. The solution was neutralised with 0-37N-sulphuric acid, filtered 
and concentrated im wacko to remove the triethylamine. The residue was taken up in afew drops of water 
and pt-alanyigiveime (95 mg, 62%,) precipitated with acetone 
t-Alanyighveine.—-A solution of glycine ethyl ester in chioroform (2 « was prepared from the 
hydrochloride (0-25 ¢ ) and cooled to —65° in a solid carbon dioxide-acetone bath. After addition of 
methyldwoctylamimne (0-40 ¢ «€ a solution of anhydro-N-carboxy-t-alanine (0-23 g.) in tetrahydrofuran 
(1-5 ¢.c.) was precooled to --65° and slowly run into the mixture. Keaction was complete after three 
hours. and the mixture was then allowed to warm to reom temperature, and the solvent removed in 
aco The t-alanvigihyeine ethy! ester was hydrolysed, neutralised. and concentrated Addition of 
s few drops of absolute alcohol vrelded crystallme t-alanyighyveine (m P 232235", de omp 
68%.) (Found N, 170; amimo-N, 845. Cale for ChH,O,N, N, 17-0, amino-N, 85%, 
+ 401° (ce, 10 im water A small quantity of 2 5-diketo-3-methyipiperazine crystallised from the 
mother-liquor after removal of the alcoho! 


j 


L- Alanyigiyevigiveine.——Glycylglycine ethy! ester was prepared from the hydrochloride (0-25 g.) by 
means of 2%, chlorofofmic ammonia (0-6 cc.) and caused to react with methyldioctylamine (0-4 c.c.) in 
«hleroform (2 ¢.c.) ant! anhydro-N -carboxy-t-alanine (0-17 ¢ ) in tetrahydrofuran (2 c.c.) at —65° during 
three hours. When the clear solution was warmed to - 20° it set solid and cleared again at +10°. The 
solvent was concentrated in pacuo, and t-alanylglycyigivcine ethyl! ester, m. p. 103°, crystallised out 
Hydrolysis as atuive ave long needles of t-alanylgiycvigiycine (m. p. 218°, decomp.; 0-22 g., 88%) 

Found: N. 20-8 : 
ic, 10 9 water) 


inoN, 68 Cale. for C,H,,O,N,° N. 207; amino-N, 69%), [a] +31-5° 
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L-Alanyl-t-alanyigivorne.—Anhydro-N -carboxy-t-alanine (0-23 g.) was treated as above with glycine 
ester in the presence of methyidioctylamine at -65°. The solution was allowed to warm to room 
temperature, and a vacuum applied The mixture of L-alanylglycine ethy! ester and methyldioct ylamine 
was then cooled again to and treated with a second equivalent of anhydro-\ <arboxy-t-alanine 
When worked up in the usual way crystalline .-slanyl-L-alan ine (™. P 236-238", decomp. ; 0-37 « 
85%) was obtained (Found: N, 195; amino-N,64. C,H,,O,N, requires N, 194; amino-N, 65%) 
(a)? —48-1° (c, 2 in water 


L-Cystylbtsbenzylamide. —Di\anhydro-N-carboxy)-t-cystine (0-19 g.), dissolved in tetrahydrofuran 

(1 c.c.), was treated with benzylamine (0-22 c.c.; 2 equivs.) diluted with the same solvent (1 ¢.c.) at 

#0” and left for one hour The gelatinous precipitate was decomposed with warm water, and the solid 
filtered off. Kecrystallisation of the latter from ethyl acetate gave t-cystyliusbenzylamide in 03%, 
yield (rectangular prisms, m. p. 122°) (Found: C, 57-3; H, 618; N, 13-35; 5, 1505. C.H,,O,N,5, 
requires C, 57-4; H, 621; N, 13-38; S, 15-20%) 

L-Cystylisglycone.— Di (anhydro- N carboxy)-t-cystine (0-76 g.), dissolved in tetrahydrofuran (3 « «.) 
was added to glycine ethy/ ester (from 1-2 g. of hydrochloride, 4 equivs.) in the same solvent (2 c.c.) at 
—10 After two hours the mixture was allowed to warm to room temperature, and anhydrous ether 
(05 cc.) added. The solution was filtered, and a further quantity of ether (1 c.c.) added. The diethyl 
ester of L-cystinylbisglycine crystallised on storage in the ice-box. Recrystallisation from tetrahydro 
furan-light petroleum (b. p. 40-60") gave tufts of crystals, m. p. 72-73" (Found: N, 13-7 
CH yO NS, requires N, 13-65%). The substance was hygroscopic and its solution in tetra iy Sonera 
became vellow overnight at room temperature. Hydrolysis of thisester was effected with 0-37x-barrwm 
hydroxide during 2 minutes at 10 After treatment of the aqueous solution (neutralised in the usual 
way) with charcoal, absolute alcohol was added unti! a slight turbidity was produced. The solution was 
then warmed to 530° and kept at room temperature overnight. t-Cystylbisglycine crystallised in 
rectangular and square prisms and the total yield of peptide obtained after further addition of alcohol to 
the mother-liquor amounted to 78%, based on the anhydride (Found: N, 15-95; S, 17-95. Cale. for 
CywH,,O.N,S,: N, 15-8; S, 181%); it had [af —72-5°, (a) * —68-5* (c, 1 in water) (Loring and 
Du \ igneaud recorded [a)ff —67-5 The peptide moved very slowly on a paper chromatogram and the 
colour with ninhydrin was very faint. Hest results were obtained by applying the nitroprusside test 
after a run using butanol-acetic acid of composition BuOH : AcOH : HyO = 10:3: 8 (Rp 08S) 


In-pt-alanyl-.-cystylbssgiveine Anhydro-\ -carboxy-pt-alanine (0-11 g.) in ethyl! acetate (1 cc.) 
was treated with the diethy! ester (0-2 ¢ obtained as above) and triethylamine (0-14 ¢.c.) in ethyl 
acetate (2c .c.) at —40° during two hours The solvent was then removed em racwo at room temperature, 
and the residue hydrolysed with baryta during two minutes at 10 Dt-pt-alanyl-L-cystylbssgivorne 
was precipitated from a neutralised aqueous solution by means of absolute sicohol (0-12 g., 48%); it was 
very hygroscopic, and an analysis was carried out on materia! dried over phosphoric oxide at room 
temperature (Found: C, 36-7; H,@1; N, 168, 5, 11-6. C,.H,,O.N,S, 2H,0 requires C, 36-1; H, 60 
N, 15-79; S, 12-0%) The peptide gave a somewhat elongated spot on a paper chromatogram, and with 
the medium quoted above the approximate Hy value was 0-15 

t-T yrosyighycine.—A solution of O-acetylanhydro-N-carboxy-t-tyrosine (0-25 g.) in ethyl acetate 
(2:5 cc.) was cooled to —65° and added slowly to glycine ethy! ester (from 0-14 g. of hydrochloride) and 
methyidioctylamine (0-32 ¢ c.) in chloroform (2 c.c.j) at thesame temperature, After six hours the solvent 
was removed tm eacwo, and the residue hydrolysed with 0-37N-barium hydroxide (10¢.c ) at room tempera 
ture during 30 minutes. Neutralisation in the usual way gave crystalline L-tyrosylglycine (m. p Jeo 
264", decomp.) in 62% yield (Found : N, 11-7; amino-N, 5-9. Calc. forC,,H,O,N,: N, 11-8; amino-N, 
59%), a FF + 82-6" (c, 2 in water A ‘second condensation was carried out with the same quantities 
of reagents, and the intermediate carbamate was decomposed with diazomethane in chioroform 
O- Acetylcarbomethory-L-tyrosyighyeine ethyl ester yor had separated was crystallised from ethy! acetate 
(needles, m. p. 145-—-146°; 03 g.) (Found: C, 55 H, 60; N, 7-75. C,,H,,O,N, requires C, 55-6; 
H, 60; N, 7-65% 

-T yrosyighvevighycine —O-Acetylanhydro-N -carboxy-L-tyrosine (0-25 g.) in tetrahydrofuran (6¢.c.) was 
added to glycyigiycine ethyl ester (from 0-20 g. of hydrochloride) and methyldioctylamine (0-32 « ¢) in 
chloroform (2 c.« After 6 hours’ reaction at -—65", the intermediate carbamate had formed a heavy 
white precipitate. By working up in the usual Ty 4 crystalline 1 tyrosylgly« yighycine was obtained 
(m Pp ies 195 eta 23 g.. 77%) (Found 14-2, amino-N, 4-55 Cale. for CyH,,O,N, 

4 amino-N, 47 A 27% solution of the tied material in 20%, hydrochloric acid sh wed 

of +431 
“pb 


L-Alanyl-.-tyrosyighycime A solution of L-tyrosyigiycine ethyl ester in chloroform was prepared as 
above from O-acetylanhydro-N -carboxy-L-tyrosine (0-25 g.) and glycine ethy! ester in the presence of 
methyldioctylamine. After decomposition of the carbamate by warming it to 40° 1m vacuo, the solution 
was cooled to —65° and allowed to react with anhydro-N-carboxy-t-alanine (0-11 g.) in tetrahydrofuran 
(1-5 c.c.) during three hours. Hydrolysis of the tide ester afforded L-alany!-.-tyrosyiglycine as fine 
needles (Found: C, 541; H, 63; N, 13-5. C,,H,O,N, requires C, 544, H, 616, N, 13-60%, 
alf +18-5° (c, 2 in water) 

L-T yrosyl-L-tyrosine.—O-Acetylanhydro-N carboxy-t-tyrosine (0-25 g.) in chloroform (3 cc.) was 
coupled with tyrosine ethy! ester (0-21 g.) in the presence of methylidioctylamine (0-32 ¢.c.) in chloruform 
(2 c.c.) at —-65° during six hours. Removal of the solvent and hydrolysis as above gave crystalline 
L-tyros ‘-.-tyrosine in 60% yield (Found: N, 83; amino-N, 40. Cale. for C,,H,O,N,  N, #1 
amino-N, 41%). A 4% solution of the dried peptide in water containing one equivalent’ of hydro 
chloric ah gave a rotation of [a/f? +29-4° 

L-Leucylelvevighycine.— Anhvdro-N-c ~corbony-t-teccine (0-20 g.) in tetrahydrofuran (1:5 c.c.) was 
coupled with glycylglycine ethyl ester (from 6-25 g. of hydrochloride) in the presence of methyldiocty!- 
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amine (0-40 «.c.) in chieretorm (1 «.c.) at # dering fwe bours. Kemoval of solvent and hydrolysis 
as above gave the finely crystalline t-leucylgiycyigiycine (m. p. 217—219°, decomp.; 033 g., 88%) 
(Found N_ 170, amino N, 58. Cake tor CHOWN, N. 17-1; amino-N, 54%) ef +h 
(¢, 5 in weter) 


Dighyeylghycime Ethyl Ester Hydrochloride. — Anhydro-N -carboxyglycane (0-2 g.), dissolved in tetra- 
hydrofuran (3-5 «.c.), was coupled with ghycylgiycine ethy! ester (from 0-4 g. of hydrochloride) in the 
same solvent (2 ¢.c.) im the presence of trimethylamine (0-12 g ) during three hours at --65°; 2 equivs 
of ethanolic hydrogen chioride were then added. and the solution kept im the ice-box overnight. The 
crystals which had yaited were recrystallised from water-acetone. yielding diglycyigiycine ethy! ester 
hydrochioride, m. p. 214-—216" (0-20 ¢ . 40%) 


Salt of N-Carbosyglycvighveine Fthyi Ester unth Glycylgiycine Ethyl Ester.—Dry carbon dioxide was 
passed inte a solution of glycyigivcine ethy! ester in chloroform at 0. An almost quantitative yield of 
the carbamate was obtained as a finely crystalline powder which decomposed at 88-0" with evolution 
of carbon dioxide (Pound N, 1647, CO, 120. C,,H,O,N, requires N, 15-4; CO, 121%) 
Treatment of this salt (0-36 ¢ ) with excess of an ethereal solatwn of diazomethane at room temperature 
during 24 hours caused clasters of needles of N-carbomethorygiycyighycine ethyl ester to form. Recrystal- 
lised from ethy! acetate. the compound had m. p. 104° (168g. 82%) (Found: N, 129 C,H,,O,N, 
requires N. 128%) 

Salt of N-Carborydighyeyighyoone Ethyl Ester with Dighycyighycone Ethyl Ester. — Prepared similarly by 
passing dry carbon dioxide into a solution of the tripeptide ester in chloroform at 0°, the carbamate had 
m. p. 115° (decomp.) (Found. N, 225, CO, 11-3. C,,H.O VN, requires N, 22-1; CO,, 11-6%) 


Carbethoxymethyl isoT hocyanate (X).— Prepared according to Johnson and Hemingway (J. Amer. 
Chem. Soe., 1916, $8, 1560), the compound was obtained as an oil, b. p. 104--106°/7 mm 


N.Thioncarbomethoxyglycine Ethyl Ester (X1).—The isothiocyanate (X) (10 g.) was refluxed with 
anhydrous methanol (0) cc.) and triethylamine (0-5 ¢.c.) during 3 hours. Fractionation gave the 
di-ester, b. p. 101 102°/0-1 mm. (13-5 ¢.) 


N. Thioncarbomethosyglycine. —The ester (X1) (33 g.) was treated with x-sodium hydroxide (18-5 cc.) 
during one hour at room temperature and then neutralised with N-hydrochloric acid. The solution 
was shaken with decolorising charcoal and concentrated im vacwo. An ether extract yielded the half-esier 
(X11) which, after crystallisation from chloroform-light petroleum (b. p. 40-60"), had m. p. 79° (20g) 
(Found : N, 3; 5,209. C,H,O,NS requires N, 9-4; S$, 21-2%) 


2. Thto-owasolid-S-one..—The half-ester (XII) (20 ¢g.) was dissolved in anhydrous ether (600 c.c.), 
anhydrous pyridine (11-5 ¢.c.) was added, and the mixture cooled to 0 Thiony! chioride (10 c.c.) in 
ether (150 c.c.) was added slowly down the jacket of an efficient stirrer during 75 minutes. The solvent 
was decanted and concentrated mm cacuo, and the residue taken up in chloroform and reprecipitated with 
light petroleum (b. p. 40-—60°). 2-7 hs0-oxsasolid-5-ome crystallised from ether in hexagona! plates, m. p 
lon” (52 ¢.) (Found: C, 31-0; H, 21-7; N_ 11-8; S269. C,H,O.NS requires C, 30-8; H, 2-6, N, 120; 
$, 27-4%) 

Reaction of 2-Thno-onarolid-S-ome with Glycine Ethyl Ester.—2-Thio-oxazolid-S-one (0-12 ¢.), 
in dioxan (2 ¢.c.) was added to a solution of gtycine ethy! ester (from 0-14 ¢g. of hydrochloride) and 
triethylamine (0-1 ¢.c.), also in dioxan. After 3) minutes at room temperature 2 equivs. of ethanol 
hydrogen chioride were added. Giycylighycine ethy! ester hydrochloride, m. p. 182°, separated overnight 
le 
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680. The Pr paration of Some Na phthofluoranthenes and their 
Quinones. 


By Nem Camppetrt, A. Marks, and D. H. Rerp 


The syntheses of naphtho(2°: 3-3. 4)-. naphtho(2’: 3’-10:11)-, and naphtho(2’ : 3’- 
It 12)-fluoranthenes and their quinones and of 4) 5-phthaloylfluoranthene are described 


oTotvovt chlonde and fluoranthene with aluminium chloride yield a mixture of & and 
11-o-toluoyifiueranthene, m. p. 115-—116°5° and 148°5——150°, respectively (I and VII), each of 
which was subjected to the Elbs reaction. The first ketone gave three products : (1) an orange- 
coloured quinone which proved to be naphtho(2’: 3°-3: 4)fluoranthene-1’ : 4’-quinone (3: 4- 
phthaloyifluoranthene) (11) simee it gave no m. p. depression with an authentic sample (Campbell 
amd Wang, /., 1949, 1513); (2) a vellow hydrocarbon, m. p. 229-—230°, which was shown to be 
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naphtho(2 - 3°-3 : 4)fluoranthene (111) since on oxidation it yielded the quimone (II); (3) a 
colourless hydrocarbon, m. p. 208—210°, which is presumably 4 : 5-0-xylylenefluoranthene (1V) 


Fn 3 . 


(Tit) 


and whose skeleton structure follows from its oxidation to 4: 5-phthaloylfivoranthene (V1) 
The isolation of the hydrocarbon (IV) and the quinone (11) serves to orientate the original 
ketone 

1 : 2-Benzanthracene and its quinone, but no |: &phthaloylnaphthalene derivatives, were 
isolated from the pyrolysis of 1-o-toluocylnaphthalene 

11-o-Toluoyifiuoranthene (VII) on pyrolysis gave two isomeric hydrocarbons: (1) a vellow 
hydrocarbon, m. p. 301--303°, which was oxidised to the known naphtho(2’ : 3’-11 ; 12)fuor- 
anthene-1' : 4’-quinone (IX) (Campbell and Gow, /., 1949, 1555) and is therefore naphtho(2’ ; 3’- 


11 : 12)fluoranthene (VII1)—the structure of the original ketone follows from this identification 
(2) a red hydrocarbon, m. p. 225°5—-227°, which must by elimination be naphtho(2’ : 3-10: 11)- 
fluoranthene (X) and whose structure was confirmed by oxidation to the quinone (XI) (for 
preparation, see below) 

4-Benzoylfluoranthene-2’-carboxylic acid (V) did not undergo ring-closure when heated in 
trichlorobenzene with toluene-p-sulphonyl chloride (cf. the 1]-isomer described below), but did 
so when fused with aluminium chloride and sodium chloride and yielded two products: (1) 
naphtho(2’ : 3’-3 : 4)fluoranthene-1’ : 4’-quinone (I1) and (2) an isomeric compound, m. p. 206°, 
which gave a cherry-red colour with concentrated sulphuric acid and no vat with sodium 
dithionite. These facts are evidence that the substance is 4: 5-phthaloyifluoranthene (V1) 


o” 


ail 
y j 
Y \ 
Now von Braun and Manz (A nnalen, 1932, 496, 170) by the ring closure of the above acid obtained 
a substance, m. p. 328—331°, which they claimed to be the quinone (11), but which Campbell and 


(XL) 
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Wang (loc. cit.) showed must have some other structure, and might be the 4: 5-phthaloyl 
compound. This is now excluded by the preparation of this substance. It is impossible to say 
what von Braun and Manz’s substance was, but they did not have the advantage of chromato- 
graphy to axl them in their separations and purifications. Asa result their |1-acid, for example, 
was impure with am. p. 212° as compared to our product, m. p. 234 

Pure |1-o-<arboxybenzoylfiuoranthene (cf. von Braun and Manz, joc. cit.; Campbell and 
Easton, J., 1949, 340) was cyclised by boiling it with toluene-p-sulphony! chloride in trichloro- 
benzene to give the two expected quinones : (1) a yellow-orange quinone, m. p. >335°, found to 
be identical with naphtho(2’ : 3’-11: 12)fluoranthene-1’: 4’-quinone (IX), and (2) a yellow 
isomer, m. p. 316°, which must be naphtho(2’ : 3°-10 : 11)fluoranthene-I’ : 4‘quinone (XI). We 
could detect no sign of the red substance, m. p. 228", claimed by von Braun and Manz (loc. cst.) to 
be this quinone (cf. also GP. 624,918, Friedlander, 1937, 21, 1189, Czech P., 56,604; 
Centr., 1937, 11, 2507 

It is unlikely that the quinones isolated from the Elbs products were formed during the 
pyrolysis for so far as we are aware quinones have not been thus obtained. They probably 
resulted from the oxidation of anthrones on the chromatographic columns used to purify the 
products. Control experiments showed that they were not produced by oxidation of the 
corresponding hydrocarbons on the column (cf. Levy and Campbell, /., 1939, 1442) 

Attempts to cyclise 4- and 11-benzoylfiuoranthene-2’-carboxylic acids and 5-benzoylace- 
naphthene-2’-carboxylic acid by heating with potassium iodide and hydrogen iodide (Miescher 
and Billeter, Helv. Chim. Acta, 1939, 22, 601) failed, although 1-benzoylnaphthalene-2’- 


carboxylic acid yielded a hydrogenated product, which on chloranil dehydrogenation furnished 
1 2-benzanthracene 


5-Henzoylacenaphthene-2’-carboxylic acid when fused with aluminium chloride gave 
3 4-phthalovlacenaphthene whose structure was proved by oxidation to 4: 5-phthaloy!l- 
naphthalic anhydride, decarboxylation of which afforded 1: 8-phthaloyinaphthalene. We 
have thereby confirmed the structure of 3° 4-phthaloylacenaphthene which Peters and Rowe 


|. Soe. Dyers Col., 1943, 8®, 52) had advance’ from a consideration of its synthesis and 
properties 


EXPERIMENTAL 


ul 


ps were determined on the Kofler heating-stage microscope, and unless otherwise stated the 
fluorescence observations were made in the ultra-violet ight of a Hanovia lamp All chromatographic 
purifications were effected on alumina (Brockmann 


4- and |l-o lolwoyifluoranthenes.— Flucranthene and o-toluoy! chloride in carbon disulphide with 
aluminium chloride gave by the method of von Braun and Manz (/oc. cst.) a 91%, yield of mixed toluoy! 
fluoranthenes. Partial separation was effected by passing a benzene solution through a column (40 g. of 
alumina per | g. of material) and development with benzene-light petroleum Three lots of crystals 
were obtained, m. p.s 100-130", 130-140", and 140-—155 The first fraction on further chromato- 
graphic purification gave complete separation into a lower and an upper yellow zone. The lower zone 
on elution with ethanol gave 4-folucy/fucranthene, which was crystallised first from ethanol and then 
from benzene light petroleum (b. p. 60-80 forming yellow crystals, m. p. 115--116-5° (Found. ¢ 
9-3. HH. G1. C,,H,.O requires C, 00-0, H, 50%). The third fraction, m. p. 140-—155°, on repeated 
crystallisation from ethanol or benzene-lhght petroleum afforded 11-toluoy/fuoranthene, m. p. 148-5-—150 
(Found C, 8@4; H, 50% Both isomers gave with concentrated sulphuric acid an orange-green 
oloration tn reflected and an orange cok yur in transmitted ultra-violet light 


Libs Pyrofyss of 11-0-Toluoyifluoranthene The ketone (1.30 ¢.) was pyrolysed in an atmosphere of 
arhon diowide at 440° as described by Fieser ( Orgatic Reactions,” Vol. |, p. 129 The dark red 
product was dissolved in the minimum volume of benzene and passed through a column #0) © 13 cm 
Development with benzene gave a lower yellow zone, an intermediate orange zone, and a top dark band 
The orange sone gave a product, m. p. 19) — 220° (0-46 ¢ which on crystallisation from benzene and then 
glactal acett: ackd furnished compact red prisms of mapAtho(2’ > 3-10: ll) fuoranthene, m. p. 2255 
27. 5° (O18 @, 15%) (Found: C, 05-4; H, 47 C,,H,, requires C, 05-3, H, 4-7%,), which has an orange 
joreacence and gives a — blue colour with concentrated sulphurt acid which becomes crimson 
when kept Continued development of the column gave a buff-coloured band which was extracted with 
Metone } p dark band was extracted with cold glacial acetic acid and the combined extracts gave 
naphtho(2’ : 3 ll 12)fearanthene, which separated as a yellow powder from benzene-acetic acid, m. 1 
30 1...303° (0-25 g., 20%) (Found: C, 06-1, H, 48° The m. p. differs from those previously recorded 
namely, 700.201" (won Braun and Manz, ix #.) and 310° (Campbell and Gow, / ew The 
hwdrocarbon sublimes in vellow needles. fluoresces with a bright vellow colour, and in benzene or aceti 
xt has a strong bluish-green fluorescence in davhght When heated with sulphuric acid it gives a pink 
lower, changing successively to brown, green, and brown The hydrocarbon () me.) m boiling acet: 
ui (10 was oxidised by AnalaR "’ chromic anhydride (70 mg.) in acetic acid (1 cx The cooled 
leposited an orange brown substance which was dissolved in chlorobenzene and passed throug! 


» l2cm Devel pment with the same solvent gave an orange band, which was cut and 


"4 


xtracted with chloroform The extract yielded naphtho{2’: 3’-11 | 12)fluoranthene-I' : 4’-quinone 
13 mg.}, whech crystallised in yellow needles from chlorobenzene, m. p. 338— 340", showing no depression 
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when admixed with a sample prepared as below It sublimes, gives a blue vat with sodium dithionite, 
and a bive colour with concentrated sulphuric acid, and has a dull golden-yellow fluorescence. The 
isomeric thofiuoranthene (0-07 ¢.). m. p. 2255-2275", when similarly oxidised, gave naphtho 
(2° : 3-10: 11) )fuoranthene-I' . 4’-quinone (34 mg.). yellow needles (chlorobenzene), m. p. 316-318 

giving no depression with the quinone prepared as below. it sublimes, gives a pu coloration with 
sulphuric acid. gives no vat with sodium dithsonite, and has a bright greenish-yellow fluorescence 


Pyrolyses of 4-o-Tolucyiflucranthens.._The ketone (1-00 g.) was pyrolysed for 30 minutes at 440° im 
carbon dioxide and the resulting solid was dissolved in benzene and passed through a column, 40 ~« 1-9 
cm. Development with light petroleum-benzene (2. 3 by vol.) gave (4) a bottom, colourless zone with 
a bright blue fluorescence, (>) a yellow zone, (c) an « pink zone with a green fluorescence, and (d) a 
top, reddish-black band. (a) This band gave a pale yw solid, m. p. 80.150", which was passed in 
benzene through a column, 25 ~ 1-3cm_, and was developed as above. When the whole column showed 
a blue fluorescence, it was cut, and the lower half extracted with acetone. Evaporation gave 4° 5-0- 
rylylencflworanthene (0-03 g.). colourless crystals (light roleum, b. p. 8100"), m. p. 208-210 
(Pound: C, 03, H. 52 C,,H,, requires C. 94-7; H, 53%) The hydrocarbon has a pale greenish 
yellow fluorescence, and when heated with concentrated sulphuric acid gives a pink colour turning to 
brown. The hydrocarbon (30 mg.) was oxidised with chromic acid (60 mg.) m glacial acetic acid tu 
4 5-phthaloyifluoranthene, m. p. 285-287", undepressed when mixed with the substance j7 red as 
below (6) The yellow band on elution gave a yellow solution with a strong blue fluorescence, and concen 
tration of the solution afforded sepAtho(2’ : 3'-3 4)fuoranthene (0-16 g.), m. p. 220-230" (Found: ( 
94-9. H, 49%). It sublimes in yellow needles, and has a bive fluorescence in solution and a greenish 
yellow fluorescence im the solid state. On oxidation with chromic anhydride in glacial acetic acid it gave 
the quinone, m. p. 2.4}-253°, not depressed when admixed with Campbell and Wang's quinone (loc. cit.). 
(c and 4) Continued development brought through a filtrate with a greenish-yellow fluorescence in day 
heht, from which nothing could be isolated. and thea an orange-coloured filtrate Thess was combined 
with the acetone eluate of the column and on evaporation gave naphtho(2’ : 3°-3 . 4)fluoranthene-1" : 4 
quinone (3. 4-phthaloylfivoranthene), orange crystals (benzene), m. p. 250-253", undepressed with the 
above quinone, yield 0-025 g It gave a blue vat with sediam dithionite and a green colour with 
concentrated sulphuric acid 


Pyrolysis of 1-o-Tolueylnaphthalene.-\1-o-Toluoyinaphthalene (5 g.) was pyrolysed with zinc dust 
(1-4 g.) in carbon dioxide at 415° for 3 hours. The product was dissolved in benzene, and the filtered 
solution passed through a column, 23 cm. Development with benzene-light petroleum (b. pe 
#)..100°) (1) 2 by vol.) gave a colourless bottom zone with a purple fluorescence, and an upper yellow 
laver with a blue fluorescence. Washing through the filtrates from beth layers yielded 2-benz 
anthracene (1-08 g.), m. p. and mixed m. p. 160-161 Development was continued with benzene and 
gave first a yellow filtrate with a strong yellowish-green fluorescence in daylight which deposited a 
small quantity of impure | 2-benzanthraquinone. Finally, a deep golden-yellow filtrate without 


fluorescence in daylight was collected; it Gapesied on evaporation 2-benzanthraquinone (0-38 ¢ 
n 


mp. 168169 It gave a green colour with concentrated sulphuric acid and an orange-red vat with 
«xiium dithionite. The solid fluoresced with a dull scarlet-red colour The pyrolysis was repeated at 
440° without zinc dust and gave smular products but in different quantities, +. ¢., 36%, of hydrocarbon 
and 13%, of quimone No xvlylenenaphthalene or derivative was detected in either experiment 


Ring-closure of 4 and 11-Bensoylfuoranthene-2 -carborylic Acids. —Vithaloylation was best effected 
as follows. Flooranthene (20 g.) in methylene chloride was added with stirring at room temperature to 
phthalic anhydride (16-3 ¢.) and aluminium chloride (33-4 g.) in methylene chloride (75 ¢.c.). Stirring 
was continued overnight and the mixture was then decomposed with hydrochloric acid and ice. The 
solvent was removed by steam and the residue was extracted with potassium carbonate. Acidification 
yielded a mixture of acids (35 ¢ The acids (25 g.) were dissolved im chloroform, concentration of which 
gave 11-benzoylfivoranthene-2’-carboxylic aced (13 g.), m. p. 234°, showing no depression when mixed 
with an authentic sample. Complete evaporation of the chloroform gave a remdue which was esterified 
with methanol and sulphuric acid, and the esters separated chromatographically. The 4-cster (2-5 ¢ 
thus obtained on hydrolysis gave the 4-acid, m. p. 230°, giving a m. p. depression when mixed with the 
Il -aced 


Pure ll-aced (3 g.) and toluene-¢ sulphony! chiorwde (1-65 g.) were boiled in trichlorobenzene (15 « . 
for L hour The cold solution deposited a solid which when washed with acetone afforded a mixture 
(1-7 g.) of yellowwsh-orange plates and yellow needles The mixture (0-6 g.) was dissolved in chlorobenzene 
(400 ml.) and chromatographed on a column, 18 = ] in Development with the same solvent gave a 
strongly orange adsorbed zone and a lower, yellow band. The orange zone on extraction gave naphtho 
(2°. 3-11: 12)flaoranthene-1' : 4’-quinone, m. p »335°, which gave a blue colour with concentrated 
sulphuric acid and a blue vat with sodium dithionite. The yellow band gave napAtho(2?’  3'-10— 11) 
fucranthene-1" - 4’ -quimnone (10 - 11-phthaloylfucranthene) (0-1 g ), yellow elongated plates, m. p. 319-320 
(Found: C, 86-8; H,37. C,,H,,O0, requires C, 86-7. H,3-6%). It gave a red colour with concentrated 
sulphuric acid and no vat with sodium dithionite. A mixture of the two quinones was separated by 
«xiium dithionite and indicated that the 11 I2-quinone and the 10° Il-quinone are formed 
approximately in the ratio 5. 1 


Pure 4-benzoyifleoranthene-2’-carboxylic acid (1-1 g aluminium chioride (3-3 ¢.), and sodium 
hloride (2-75 @.) were intimately muxed and heated in an oil-bath the temperature of which was raised 
to 140° during 3%) minutes. Nitrogen was passed through at this temperature for 3 hours. The product 
was decomposed with ice and hydrochloric acid and the black solid was then extracted with 5%, sodiam 
carbonate and dried. The dry product was extracted with benzene, and the benzene concentrate 
chromatographed on a column 12 « Pin. Development with benzene gave a yellow zone which quickly 
passed down the column. The filtrate on evaporation furnished a solid (20 mg.) which crystallised from 
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chlorobenzene in yellow-orange prisms, m p. 252-—253° with sublimation, and was proved to be naphtho- 
(2 3-3» 4)flecranthene-I’ : 4'-quinone (Campbell and Wang, joc. cst.). It gave a blush-green colour 
with concentrated salphuric aced and a bluish-violet vat with alkaline sodium dithionite. Further 
development of the column gave a deep yellow sone below the top dark band. The column was cut and 
the yellow zone eluted with chloroform which on evaporation gave 4. 5-phthaloyifuoranthenc, yellow 
elongated prisms (chlorobenzene), m. p. 206-207" (Found C, 863; H.36 C,,H,,O, requires C, 86-7 
H, 36% It gave a red colour with concentrated sulphuric acid and no vat with alkaline dithionite 


4. 4-Phthaloyiacenaphthene.-Crude 3. 4-phthaloylacenaphthene (Peters and Rowe, Joc. cit.) (3-5 g 
was purihed by passing a benzene solution down a column, 17 x j in., and development with benzene 
light petroleum (b. p. 60-80") (4.1 by vol). A yellow sone separated and aflorded on elution 
3: 4-phthaloylacenaphthene (1-3 g.), yellow elongated prisms (ethanol), m. p, 196-197" (lit., 194-195") 
(Found C, 45, H, 45. Cale. for CLHYO,: C, 865. H, 42%). The phthaloylacenaphthene was 
oudised by chrom anbydride ( Analak ) and glacial acetic acid to 4: 5-phthaloyl-1 : §-naphthalic 
anhydride which, after purtiication by being washed successively with ethanol, water, and glacial acetx 
ack), was wolated as bright yellow needles, mp. > 310° (lit., 368°) (Found: C, 73-2; H,24. Calc. for 
Cel,O,: C, 732; H, 23%). The anhydrude (0-75 g.j, water (20 c.c.), and mercuric oxide, freshly 
prepared from mercuric acetate (1-5 ¢.), were heated in a sealed tube at 250° for 4 hours. The product 
was refluxed with concentrated hydrochloric acid for 2 hours, washed with water, and dried he dry 
material (1-1 g.) was extracted with benzene, and the benzene extract passed through a column, 6 « § im 
A pale yellow sone separated, below which was a band with a bright yellow fluorescence Both zones 
yielded | &phthaloyinaphthalene, colourless needles (ethanol-acetic acid), 7 77° (lit., 178°) 
yieki O30 ¢ (Pound. C, 83-6 H, 41 Cale. for ¢ poll sol Cc, 83-7 . In concentrated 
sulphuric acid it gave a yellow solution with a green fluorescence. No colours were obtained with zinc 
— ammonia of alkaline sodium dithionite 


Ring-closure of \-Hensoyinaphthalene-2 carboxylic Acad. The acid (4-6 g.), potassium iodide (5-5 g.) 
red phosphorus (1-5 g.), and phosphoric acid (20 mi.) were reflaxed for 4 hours. Water was added, and 
the residue extracted with ethanol. Evaporation gave a solid (20 g.), which was dissolved in the 
minimum volume of benzene and passed through a column, 14 « © 75 in Development with the same 
solvent gave a bottom sone with a bright purple fluorescence which gave 0-6 g. of a solid, m. p. 112-—120 
after crystallisation from glactal acetex acid, and a yellow zone which afforded a solid, m. p. 138-145 
(©-9 g.) after crystalliaation from acetic acid. The second substance (0-75 g.) in benzene was passed 
through a column, 95 * 6-45 in., and a yellow zone which separated yielded a substance, m p. 146 
14) (0-65 ¢ ) after crystallisation from acetic acid. Dehydrogenation with chloranil in xylene (3 hours) 
gave |: 2-benzanthracene, m. p. and mixed m. p. 156° (lit., 158°) (Found: C, 94-2; H, 53. Cale. for 
CicHys: C, 04-7; H, 53% 


Thanks are expressed to the Carnegie Trust fer the Universities of Scotland for the award of a 
scholarship to one of us (D. H. R.), and to the Anglo-lranian Oil Company Limited for a grant 
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681. The Action of Hydroxyl Radicals on Cholesterol and Some 
of its Esters. 


By G. RK. Ciemo, M. Ketrer, and J. Werss 


When hydroxy! radicals, produced by Fenton's reagent, act on cholesterol or its acetate 
or hydrogen succinate in dilute weous acetic aced solution, the 5: 6-double bond is 
hydroxylated and under suitable ceniibhone the corresponding 7-ketone is also formed These 
results are similar to those obtained previously with bydroxy! radicals produced by X-rays, on 
cholesterol in aqueous systems (Keller and Weiss, /.. 1950, 2709) 


Wen a ferrous salt is added to a solution of hydrogen peroxide, hydroxy! radicals are produced : 
H,O, + Fe* ——> Fe* + OH- +OH . : (ih) 

(Haber and Weiss, Proc. Roy. Soc., 1934, A, 147, 332; Evans ef al., Trans Faraday Soc., 1946, 

42, 155) The action of these radicals on a number of organic compounds has been studied 


recently (cf Loebl, Stein, and Weiss, /., 1949, 2074; 1050, 2704; Merz and Waters, ]., 1949, 
2474; Stein and Weiss, ibid, pp. 3245, 3254; see also Waters, ‘“ The Chemistry of Free 


iction of hydrogen peroxide ferrous salt reagent in dilute aqueous acetic acid at 35—40°. 
Starting material Products. 
Cholesterol (1) Cholestane-32 ; 5a : 68-triol (V1) 
Cholestane- 


38-acetox 
Cholestery! acetate (II) .......... 38° A.chamychaen 
Ac . 
{A h 
—_ Cholestane- 


holestery! hydrogen succinate (IIT : Sa: i 
at Sp Hydronpenoleat-Son-7-200 1V) 
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Radicals,” Oxford Univ. Press, 2nd edn., 1947). This is not only of preparative interest, but 
is also of general importance as relatively little is known about it and purvicularly as the 
radicals can be produced by the action of high-energy radiations (X-rays, etc.) « water (Weiss, 
Nature, 1944, 158, 748; Trans. Faraday Soc., 1947, 48,314). The action of X-rays on cholesterol 
and on 36-hydroxypregn-5-en-20-one in aqueous systems has been investigate! previously 


toy 


(il; Re H) 
(Il; R = Ac.) 
(i; R = -OC{CHY,CO,H.) 


(VI, R = R' = BL) 
li, R= Ac, R’ = HY) 
;R=eR Ac) » 


’ 


(Keller and Weiss, /., 1950, 2709). The effect of hydroxy! radicals, produced by Fenton's re- 
agent, on cholesterol and its acetate and hydrogen succinate in aqueous acetic acid solution is 
summarised in the table. Clearly there is a general tendency for the hydroxy! radicals to be 
added to the isolated double bond in the 5 : 6-position, and under suitable conditions the 7-ketone 
was also isolated from the esters. It is very likely that the 7-ketone was also formed from 
cholesterol, but probably in quantities too small for isolation. 

All the products isolated are similar to those obtained by the action of X-rays. In this case 
again the source of the hydroxy! radicals—chemical action or high-energy radiations——is without 
any appreciable qualitative effect. The present experimental material is not sufficient to afford 
a detailed explanation of the mechanism of these reactions (for a preliminary discussion see 
Keller and Weiss, loc. cit.) 


EXPERIMENTAL. 
(M. p.s are uncorrected.) 


Action of Hydrogen Peroxide-Ferrous Reagent on Cholesterol.—To a solution of cholesterol (2 g. ; 
purified by chromatography) in glacial acetic acid (500 ml.), hydrogen peroxide (50 ml.; 100 vols.) and 
@ solution of ferrous sulphate (100 mi.; 5%) were added simultaneously under vigorous stirring at 40° 
during | hour. The resulting dark brown product was kept overnight at room temperature, evaporated 
to dryness at 35° in a vacuum, and extracted with ether. The ethereal extract was washed successively 
with dilute hydrochloric acid, sodium carbonate solution, and water till neutral, dried (Na,SO,), and 
evaporated, and the crude product (1-85 g.) chromatographed from benzene-light petroleum on 
alumina (60 g ), standardised according to Brockmann. Elution with 200-ml. lots of the solvents named 

ve the following fractions and products: (1) 1:1 Benzene-light petroleum, no product. (2-6) 

nzenc, cholesterol (380 mg.), m. p oe (from methanol). (6—12) 9:1 to 1 Henzene ether, 

~acetoxycholestane-Sa : 68-diol (480 mg.), m. p. and mixed m. p. 207-209" (from methanol) (Found 
- 1&4; H, 109. Cale. for C,H,O,: C, 753; H, 10-09%). (13) 1:1 Benzene-ether, no product 
(14—17) Ether, an oi] (210 mg.) (is 22) 9: 1 to 1: 1 Ether-chloroform, no product. (23-—25) Chioro- 
form, an oi! (80 .). (26, 27) 9: 1 Chloroform-methanol, cholestane-3@ : 5a : 68-trio! (600 mg.), m 
and mixed wy 6233" (from methanol) (Found: C, 766; H, 11-3. Cale. for C,,H,.O,: C, 77 
H, 11-56%). (28) 4: 1 Chloroform-methanol and (29) methanol, no product. 


The monoacetate with pyridine and o—— anhydride at room temperature gave 3f : 68-diacetoxy- 
cholestan-5Se-ol (VIII), m. p. 168—169° nc on admixture with authentic specimen (supplied 
by Dr. M. Davis, London) (Found: C, 137: . 10-2. Cale. for C,,H,,0,: C, 736; H, 104% 


Hydrolysis of the monoacetate with m carbonate in aqueous methanol gave the trio! (VI), 


m. p. 228-233" after repeated c tions from methanol and ethyl acetate, not depressed on 
admixture with an authentic specimen. 


The trio! with pyridine-acetic anhydride gave the diacetate (VITI 168—169° not depressed on 
etumatese wah ok authentic specimen (Found: C. 73-6; H, ein? 


Action of Peroxsde-F evvous reagent on Cholesteryl Acetate.—This was carried out tng 
above for pay Ma Elution 


ution with (3: 2) by 
— toxy lest-5-en-7-one (V) (60 mg.); m. p. and mixed m. p. | Pisa, 
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elation with benrene-ether (9 | >i |) gave 38-acetoxycholestane-Sa : 68-diol (VII) (250 mg.), 
ce Gane mixed m. p. 207.200" (Pound: ©, 752; H, 107. Cale. for C,H VO,: C, 76-3; H, 10-90%, 

he monoacetate, as before, gave the diacetate, m. p. and mixed m. p. 168--169*° (Found: C, 73-6, 
H, 102%), and hydrolysis gave the triol, m. p. and mixed m. p. 230 

Action of Hydrogen Pevoside F evrvous Salt on Cholesteryl Hydrogen Succinate. —A solution of cholestery! 
hydrogen succinate (2 ¢ m. p. 178-180") was treated as described above. The crude product 
(~2 g.} was hydrolysed by refluxing it (2 hours) with potassium carbonate (4 g.) in boiling methanol 
contaming 10%, of water. After addition of more water the methanol was removed in a vacuum, the 
residue extracted with ether, the extract washed with water, dilute hydrochloric acid, and then again 
with water until neutral, and dried (Na,SO,), and the ether distilled off in a vacuum. The crude 
product (1-41 was chromatographed from benzene light petroleum on 60 g. of alumina. Elution with 
200-mi. lots of the solvents named gave the following fractions and products: (1) 1: 1 Benzene-light 
petroleum, no product. (2-—6) Benzene, cholesterol (200 mg), m. p. and mixed m. p. 146—147° (from 
methanol (710) 9: l to 3: 2 Benzene-ether, no product. (11, 12) 1: | Benzene-ether, 38-hydroxy- 
cholest-5-en-7-one (15 mg.), m. p. and mixed m. p. 169-—170" (from methanol) tFound: C, 80-4; H, 
10-7. Cale. for C,,HyO, ©, 8-0; H, 110%). (13, 146) Ether, (15) 1: 1 ether-chloroform, (16, 17) 
chioroterm, no product. (18-20) 9:1 Chloroform-methanol, cholestane-3f : Sa 68-triol (1-1 ¢ 
m. p. and mixed m. p. 230.235" (from methanol) (Found. C, 766; H, 11-2%, 

Acetylation of the ketone, as above, gave the acetate (V), m. p. and mixed m. p. 150-—160° (from 
methanol) (Found: C, 762; H, 102. Cale. for C,H,.O,. ©, 787; H, 105%), and of the triol gave 
the diacety! compound (VIII), m. p. 168-—169° (Found: C, 73-4; H, 100% 


Our thanks are offered to the Medica! Research Council! for a maimtenance grant for one of us (M. K 


University or Durnam 
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682. T'riterpene Resinols and Related Acids. Part XIX. 
Isolation of a Triterpene Diol from Canarium Schweinfurthii Resin. 


By Ratxamw Buvvanenpram, Witttam Manson, and F. S. Sprinc 


An analytical study of the resin [rom Canarium Schweinfurthis shows that the principal 
aaponent of the steam-volatile oil is (+)-lumonene, and that the acidic fraction consists 
mainly of a mixture of elemadienolic and elemadienonic acids. The neutral fraction contains 
a and f-amyrins together with a triterpene diol, C,.H,O, or C,,H,,0,, which differs from 
previously described triterpencid diols. In particular it is different from elemadienedio! 
obtained by reduction of methyl acetylelemadienolate with lithium aluminium hydnde and als 
from eprelemadienedio! obtained by aumilar reduction of methy! clemadienonate 


Tuk resin obtained from trunk incisions of the tree Canarium Schweinfurthi: has previously bee: 
reported to contain an ol mch in phellandrene (Bull. Imp. Inst., 1908, 6, 254) and a non-volatile 
component similar in crystalline form to the mixture of a- and S-amyrins from Manila elem: 
(Bandke, Apoth. Zig, 1900, 24, 210 A sample of the resin was obtained for us by Sir John 
Simonsen of the Colonial Products Research Council to whom we express our thanks, the present 
paper records the results of an examination of this sample. Steam-distillation of the resin gave 
a volatile oi] from which limonene was readily isolated and characterised. The 
phellandrenes were not present in the volatile oil in any considerable quantity since none of the 
fractions exhibited selective absorption of appreciable intensity in the ultra-violet. However 
treatment of the lower-boiling fractions of the essential oil with maleic anhydride gave in minute 
yield an adduct, the properties of which coincide with those described for the adduct from 
(—)-e- and $-phellandrenes (Goodway and West, /., 1938, 2028) 

The material not volatile in steam was separated into acidic and neutral fractions. Acety)- 
ation of the acidic fraction gave a crystalline acetate-acid which after repeated crystallisations 
attained the m. p. 212-216"; methylation of the acetate-acid gave a methy! ester C,,H,,0,, the 
physical constants of which, m. p. 112-114 x} —41°, showed it to be methyl acetylele- 
madienolate (m. p. 1135-114", [a —43 Because of the difficulty encountered in the 
purification of this acid and its derivatives we suspected the presence of elemadienonic acid in 
the resin This was confirmed by treatment of the crude resin acid fraction with Girard reagent 
I’, a keto-acid fraction, identified as elemadienonic acid, and a non-ketonic fraction, which 
readily gave elemadienolic acid, being isolated 

From the neutral non-volatile fraction of the resin we have isolated a- and $-amyrins, and a 
triterpene diol, C,jH,.O, or C,,H,,O,, m. p. 293-295", =), +53°. The diol does not react with 
hydroxylamine, and although it reacts with acetic anhydride and benzoy! chloride the products 
are resinous, In this respect it resembles hederadiol (Ruzicka and Marxer, Helv. Chim. Acta, 
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1940, 28, 144) and epiclemadienediol (Ruzicka and Hausermann, Helv. Chim. Acta, 1942, 25, 439) 
both of which give oily acetates. Hydrolysis of the resinous esters from the new diol regenerated 
the diol. The presence of two hydroxyl groups in the diol was established by active-hydrogen 
determination, and the presence of two ethylenic linkages was shown by reaction with perbenzoic 
acid. The two double bonds are not conjugated since the diol does not exhibit selective 
absorption im the ultra-violet region. Since the analytical values obtained do not permit a 
decision between the molecular formula C,,H,,O, and C,,H,,O, for the diol, it is not possible to 
decide whether the diol is pentacyclic or tetracyclic. In the latter event, a relationship to 
elemadienolic acid is a strong possibility, and a comparison of the diol with elemadienedio! was 
undertaken. Two elemadienediols have been described; the first of these was obtained by 
Ruzicka, Hosking, and Wick (Hele. Chim. Acta, 1931, 14, 811) by reduction of the methyl ester 
of “ elemi-acid ” using Bouveault-Blanc conditions. The acid employed, m. p. 215-216", 
a)p —20°5°, and the methy! ester (m. p. approx. 80°) were mixtures, and the diol obtained was 
amorphous. The second, epielemadienediol, was obtained in extremely small yield by similar 
reduction of methyl elemadienonate (Ruzicka and Hausermann, Joc. cit.). The low yields of diol 
obtained by the Bouveault-Blanc method led us to examine the reduction of methyl 
elemadienolate and methy! elemadienonate with lithium aluminium hydride. From methyl 
elemadienonate we obtained epielemadienedio! in excellent yield. In this diol the secondary 
hydroxy! group has the opposite configuration from that in elemadienolic acid (Ruzicka, Rey, 
Spillmann, and Baumgartner, Helv. Chim. Acta, 1943, 26, 1638). epiElemadienediol, m. p 
177—179", (a), —6°, differs from the diol obtained from Canartum Schweinfurthii. Similar 
reduction of methyl acetylelemadienolate gave a new diol, elemadienediol, which differs from 
epielemadienediol in the orientation of the secondary hydroxyl group. Elemadienediol, m. p 
169170", (a, —28°, is different from the diol from Cenarium Schweinfurthii although it 
resembles the latter and also epielemadienediol in giving an oily acetate 


EXPERIMENTAL 
M. p.s are uncorrected, specific rotations of solids were measured in chioroform in a 10-cm. tube 


(+)-Limonene..-The resin (500 g.) from Canarium Schweinfurthii was steam-<distilied until the 
distillate was free from oil. The oi! (70 g.) was separated, dried (Na,5O,), and distilled under reduced 
pressure to give fractions (a) b. p. 57--62°/16 mm. (13 g.), (6) b. p. 62--64°/16 mm. (40 g.), and (c) b. p 
409" 16 mm. (4¢ Fraction (5) was redistilled thrice to give ( + )-limonene as a colourless oil, b. p 
62—62.5°/15 mm.; it gives a bright yellow colour with tetranitromethane io chloroform and has tal 

+ 111-4", »R 14757, fo 846 (Found: C, 88-2; H, 11-6. Cale. for C,H,,: C, 882; H, 11-86%). A 

chloroform solution of the oi! absorbed the equivalent of 2 oxygen atoms when kept at 0° with a 5% 
solution of perbenzoic acid in chloroform for 120 hours, and no subsequent absorption occurred after a 
further 45 hours at the same temperature. (+ )-Limonene was further characterised by the preparation 
of its tetrabromide (Baeyer and Villiger, Ber, 1804, 27. 448), which separates ivom nitromethane as 
plates, 2 PP. 104106", [a » + 72° (ce, 0-7) (Found: C, 261; H, 34; Br §. Cale. for C,,H,,Br,: C, 
26-3 Br, 70-2% 

Neither fraction (4) nor fraction (c) exhibited selective absorption in the ultra-violet region. Treat- 
ment of fraction (4) with maleic anhydride in refluxing ether gave in extremely smal! yield (47 mg. from 
10 g.) an adduct crystallising from methanol in needles, m. p. 125—127° (Found: ©, 71-4; H, 7-8 
CygH gO, requires C, 71-0; H, 7-7% 

a- and B-Amyrin Esters The non-volatile fraction obtained after removal of the essential oi] was 
extracted with ether, and the extract filtered from vegetable debris (ca. 25%). The ethereal solution was 
washed thrice with 18%, potassium hydroxide solution (extract A), then with water, dried (Na,SO,), and 
evaporated to give a neutral fraction (250 g.) 


The neutral fraction (50 g.) was acetylated with acetic anhydride and pyridine. The product was 
dissolved in the minimum quantity of boiling acetone, from which a mixture of e and B-amyrin acetates 
separated. Two further crops were obtained by concentration of the mother-liquors (total yield, 32 ¢ ) 
The mixture of acetates was hydrolysed by boiling 6% ethanolic potassium hydroxide for 24 hours The 
mixed alcohols were isolated by means of ether and benzoylated vy heating them on the water bath with 
pyridine and benzoy! chloride for 7 hours. The mixed benzoates were isolated in the usual manner and 
crystallised from acetone-ethanol from which the product (26 g.) separated as stout prisms, m. p. 178 
187°. 


The mixture of benzoates was se ted by = with ether until the melting point of the residue 


was greater than 210°. The insoluble residue, m 10°, was recrystallised from benzene-acetone, to 
yield f-amyrin benzoate (2-4 g.) as plates, m. p 232° wi 1 when mixed with a specimen 
obtained from Manila eemi. Hydrolysis of the benzoate fol direct acetylation of the roduct 
with acetic anhydride and a at ye me ee ie gpa rom acetone), m. p. 232~-2 [aly 
+82° (c, 0-73), u melting t when mixed with a pane oe cbtained thom Mantle choet 
(Found : C, 820; H, 10-9. "Cale. for CyHy,O,: C, 820; H, 112 
Seiccashineteiaennadataniaeniaitmtetmamsabesenmeetents re wemovepuanees 
and the residue crystallised from benzene-ethanol, to give a-amyrin benzoate (17-6 g.) as stout prisms, 
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m. p. 193-195" undepressed when muxed att © somtans obtained from Mansa elem. Hydrolysis of 
the benzoate followed by acetylation of the aic with acetic anhydride and pyridine, gave e-amyrin 
acetate as plates (from acetone), m. p. 219-221", [a)p +79" (c, 0-46 in benzene ) (Found: C, 823; H, 
11-4. Cale. for C,,HyO,: C, 820; H, 11-24) 


Diol, pn eye acetone mother-lnquor from the mixed amyrin acetates was evaporated to 
dryness, and the residua! dark resin hydrol by refluxing 5% ethanolic pot hydroxide (200 c.c.) 
for 3 hours. The product was isolated by means of ether and dried at 100° sn vacuo. A solution of the 
resin (15 g.) in light oleum (b. p. -80")-benzene (1 3; 920 c.c.) was filtered through a column of 
activated alumina ( « 6cm.), and the column developed by washing to give the following fractions - 





Fraction Solvent 
Light petroleum—benzene (1 
” - a 
* eo a 
HKenzene 
Henzene ether “4 
Ether 


Ether-ethanol 
ih) Ethanol ) : (oul) 


Fractions | -7 and 12-—18 could not be crystallised. Fractions § and 9 were extracted with successive 
small amounts of cold ethyl acetate. The insoluble powder (0 mg_) crystallised from nitromethane as 
plates, m. p. 293-205" (decomp.; evacuated tube). Fractions 10 and 11 were dissolved in ethyl 
acetate. Alter 3 days the microcrystalline powder was collected and crystallised from nitromethane to 
give the diol (400 mg) as plates, m. p. 202-205" (decomp.; evacuated tube), undepressed when mixed 
with the sample obtained from fractions § and 9, and having [a)p + 54°, + 52° (c, 0-44, 0-64 respectively) 
(Found: C, 51-3, 81-7; H, 1Li-4, 11-3; N, 09%; active H, 1-85. - y O, requires C, 81-4; H, 11-4. 
CoH yO, requires C, 81-4; H, 11-60%). A chloroform solution of t diol absorbed the equivalent of 
2 oxygen atoms when treated at 0° with a 5%, solution of perbenzoic acid in chloroform for 120 hours; 
no subsequent absorption of oxygen occurred after a further 24 hours at 0°. 


Elemadienomse Acid..—The extract A was acidified with 5% hydrochloric acid and extracted with 
ether. The ethereal solution was dried (Na,SO,) and evaporated, to yield a resinous acid mixture (80 ¢.) 
which did not crystallise but on acetylation readily yielded a crystalline acetate-acid. A solution of the 
crude acid (0) g.) in methanol (500 c.c.) was refluxed for | hour with Girard reagent P and glacial! acetic 
acid (3 ¢.c.), and the mixture separated into non-ketonic and ketonic fractions as described by Ruzicka 
and Hausermann (/oc. et.) and Bulham and Kon (/., 1942, 544). The ketonic fraction was thrice crystal- 
lised from methanol, to give elemadienonic acid as needles, m. p. 224—225", (a) + 44° (c, 1-41) (Found 
C, 704; H, 101. Cale. for CH,,O,: C, 702; H, 102%). _Esterification of the acid with diazomethane 
gave methy! elemadienonate as needies, m. p. 104—- 105°, \a 4 + 36° (c, 0-76) 


Elemadienolic Acad.—The non-ketonic fraction of the acid mixture was directly acetylated with 
acetic anhydride and pyridine, and the product crystallised five times from methanol to yield acetyl- 
elemadienolic acid (20 g.) as stout needles, m. f 238-— 240", [ap —40" (c, 1-25) (Found: C, 77-4; H, 10-0, 
Cale. for CHO: C, 77-1; H, 10-1%) isterification of the acetyl-acid with diazomethane gave 
methy! a et ylelemadienciate as needles (from acetone methanol), m 113-—114", fa iy 43°, —41° fe, 
0-52, 0-91) (Found: C, 77-56; H, 10-3. Cale. for C,H,,O,: C, 77 fi, 102%). Hydrolysis of acetyl- 
elema:hienolic acid with methanolic potassium hydroxide gave elemadienolic acid which crystallised from 
methanol as small cubes m. p. 222—224", [a)f? —29° (c, 0-92) (Found: C, 790; H, 10-3. Cale. for 
CylH,.O,: C, 789; H, 10-6%). 


blemadsenediol A solution of methy! acetylelemadicnolate (1-7 ¢.) in dry ether (75 c.c.) was added 

to a suspension of lithium aluminium hydride (0-5 g.) in ether (100 c.c.). The mixture was refluxed for 

3 hours, cooled, and cautiously treated with water. The mixture was acidified with sulphuric acid (2N.), 

and the ethereal layer washed with water, dried (Na,SO,), and evaporated. The residue was crystallised 

from aqueous ethanol to give slemadienediol as stout prismatic needles (1-5 g.), m. p. 169—170", which 

ave a yellow colour with tetranitromethane in chloroform and had (a)? — 25° (c, 1-0) (Found: C, 81-1; 
1,115. CyH,O, requires C, 81-4, H, 114%) 


epiklemadienediol.—Reduction of methy! elemadienonate (2 g.) with litihum aluminium hydride 
(0-6 g.) im ether (175 c.c.) as desernbed for methy! acetylelemadienolate gave a product which after 
crystallisation from aqueous ethanol yiekied epelemadienediol (1-47 g.) as needles, m. p. 177—179*, 
{ap —@ 4° (¢, 1-9) (Found: C, 81-2; H, 11-2%). 


Tue Rovar Tecunicat Cottecr, Grascow. (Received, September 8th, 1950). 
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683. The Condensed Phosphoric Acids and Their Salts. Part V. 
Dissociation Constants of Some Tetrametaphosphates. 
By H. W. Jonxs and C. B. Mowx. 
__. From the conductivities of mixed solutions of bivalent metal chlorides and sodium 
hate, the dissociation constants of the resulting MP,O,,” ions have been 


cchoulnnad la the case of bays ek the solubility of calcium todate in solutions of sodium 
tet etaphosp confirms the results obtained by the conductivity method. 








Tue original methods of forming sodium tetrametaphosphate, Na,P,O,,, consisted of heating 
the oxides of copper and lead with phosphoric acid, followed by exchange with sodium sulphide 
(Fleitmann and Henneberg, Annalen, 1848, 65, 304). The salt prepared by this tedious 
method requires extensive purification, resulting in small yields. Such and Tomlinson (Topley, 
Quart. Reviews, 1949, 8, 345) have now shown, however, that yields exceeding 50% are obtained 
by hydration of phosphoric oxide with sodium carbonate or hydrogen carbonate solutions at low 
temperatures. The product is easily purified by cooling a saturated solution made at room 
temperature. In a similar fashion, by use of water, the corresponding acid may be formed 
(Audrieth, private communication), with yields of up to 80%. As with the trimetaphosphate, 
the structure is probably cyclic; a discussion of this, and the evidence for assuming the ion to 
be quadrivalent, are reviewed elsewhere (Topley, Joc. cit.; Davies and Monk, /., 1949, 413) 

Following the principles used in Part IV (Jones, Monk, and Davies, ]., 1949, 2693) to establish 
the extent of formation of MP,O,’ ions (where M™ refers to various bivalent cations), we have 
carried out the same treatment with the tetrametaphosphates. This consisted of adding solu- 
tions of metal chlorides, MC1,, to solutions of sodium tetrametaphosphate, and measuring the 
specific conductivities of the mixtures. The number of ion-pairs so formed is somewhat greater 
than in the case of the trimetaphosphates, and for a solution containing ¢, equiv. per |. of sodium 
tetrametaphosphate and c, of MCl,, if 4 g.-ions of NaP,O,,””, 6 g.-ions of MP,O,,", d g.-mols 
of M,P,O,,, and ¢ g.-ions of NaMP,O,,’ are present per L., then 


1P «(obs Age-(¢, — @ + 4Apo (e,)/4--a-—b—d 
b — 24 — e) + Agic,) + 


+ BAgsrou~(4) 
2Aweoy (>) + Amaurowl?) 


where « is the specific conductivity. The same metal chlorides were used as in Part IV (loc. cit.), 
so that no MCI’ ions have to be considered. If the conductivity of the MP,O,,” ions is taken as 
one-half of that of the tetrametaphosphate ion, and that of the NaMP,O,,’ ions is taken as one- 
quarter, the above equation reduces to 
1x (obs Neuron + Aum, ~ 4 Ane + Are, b(3Ago ye + 2Ay- 
#d(Apog~ + Ag.) — Aggy + 2Aqe + BBAraye-) ~ «(ND 


If no interaction occurred between the two solutions, we would have, by similar reasoning, 


1x icalc Agaroul 1s) + Aga (¢s) 4,(Age + LbAroy) ata (2) 


Sodium tetrametaphosphate does not fully ionise, and contains NaP,O,," ions; this factor 
has been discussed in Part I (loc. cit.), and the amount of this ion-pair, 4,, is markedly different 
from the real cases, where most of the tetrametaphosphate ions are bound up with the cation 
M™. In this second expression, the calculated specific conductivity is obtained from the known 
equivalent conductivity expression for sodium tetrametaphosphate (Part I), é¢., 


A = 143°80 — 313/4 


and from the Onsager equations for MCI, (Part IV, loc. est.), each calculated at /, the actual ion 
strengths of the mixed solutions, where J « §(5c, + 3c, + 4a — 166 — 24d — We) 
Subtraction of equations (1) and (2) enables values of b to be calculated, known or reasonably 
assumed dissociation constants being used, to calculate a, 4,,d,ande. However, this process is 
very laborious, and advantage may be taken of the fact that the mobilities of the M ions are 
all of the same order; then, using the limiting mobilities of the ions, subtraction of (1) and (2) 


leads to 
oe — «obs. 
b= ites) — stem ee + He, — a — id <0 
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The equivalent conductivities of the two ions in this expression can be found from the 
corresponding Onsager equations, 


Aroy~ = 9369 — 190-874 
Ay. = Aj.. — Bit 


where 03°69 us the conductivity at zero concentration of the tetrametaphosphate ion (Part 1, 
joc. cit.), and 190°6 is calculated with respect to the sodium ion. 8B is the theoretical Onsager 
value for the M™ ion calculated with respect to the chloride ion; the sources of these data have 
been given in Part IV (Joc. cit). For the calculation of a and a,, the known dissociation constant 
of NaP,O,,”” is 00000 (Part I, Joc. cit), while for d, corresponding to the equilibrium 
M” + MP,O,,” = M,P,0,,, an assumed value of 0:0020 was used. Some evidence for this was 


Taste | 
Data for the dissociation constants of MP,O,," at 25° 


howe 14a, 10% 10% 10%¢ 10% 104e(calc. 10*] 10*K 


J 
Calcium. 

43470 

6 9607 

§ 6685 

11 0406 

6777 


| 460 
1-580 
1-733 
2-059 
1-380 


g225= 


7 6086 
4081! 
46163 
67706 
212 


ewe 
a S +t be te 


52034 
34232 


‘ 
- 
‘ 


Manganese 

os 5S 

“a2 is 39 

. 24 20-7 S-3165 JOR 
14-4920 q 337 34 3 : 29 374) 2742 10541 
Nw kel 

7 0306 q 7 113 5a i4 60 25: Logi lu-@ 
7 8008 113 3 23 36 65 2 10756 ile 
13 6768 2-88 7 . 25-0 3-175 2-1161 12-3 
13-7460 0)=—-8 0705 2-51 22-8 i 1.8038 110 
79776 15876) 1-12 242 1.0077 . Me 


given in Part I, and in addition this value was found to give reasonably constant figures for the 
dissociation constants of the MP,O,,” ions over a range of concentrations. To quote further 
supporting evidence, it may be noted that the value for the similar dissociation stage in calcium 
ferrocyanide solutions is of the same order, namely, 00037 (James, Trans. Faraday Soc., 1949, 
45, 855) The formation of NaMP,O,,’ ions results through two reactions, M” + NaP,O,,”” == 
MNaP,0,,’, and Na” + MP,O,,” => NaMP,O,, For the first of these, by comparison with 
the results obtained for the 2-3-valent type of dissociation with the trimetaphosphates (Part 
IV, Joe. ett), K was taken as 000040, while for the second, a K of 0°20 was used, by analogy with 
s«xtium sulphate (Righellato and Davies, Trans. Faraday Soc., 1930, 26, 592). By continued 
‘pproximations, constant values of 6 were obtained, enabling the dissociation constant, K, for 
the equilibrium M” + P,O,,”” = MP,O,,” to be calculated from 


(M"HPOn'} (eg 2 — 6 — 2d — eile, 4 — d — efi, 


' {MP,O,,") bY, 
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where the son activity coefficierts /,, /,, and /, are found from the Debye-Huckel limiting equation, 
—log f, = 0°6002%/*, 2, being the ion valency (this was also used in calculating 4, a,, d, and ¢). 
The results of these calculations are given in Table I 

Solubility Measurements.—In Part I (loc. cit.) the dissociation constant of CaP,O,,”, as 
determined from the solubility of calcum iodate in solutions of sodium tetrametaphosphate, was 
given as 13 x 10*. These calculations did not take into account jon-association between Na* 
and CaP,O,,” ions, and between Ca™ and NaP,O,,"” ions. Some of the older data have there- 
fore been recalculated, these effects being taken into account by using the dissociation constants 
mentioned earlier in this paper, i.¢., 0°20 and 00004, respectively. In addition, fresh solubility 
measurements have been made with the sodium tetrametaphosphate used in the conductivity 
work (the previous ones were made with samples prepared from the copper salt and sodium 
sulphide, as described in Part I, Joc. ci#.). To obtain reasonably constant values for the dis- 
sociation constant of CaP,O,,”, it was found necessary to use a K of 00025 for Ca,P,O,,, as 
compared with 0°0020 in the conductivity measurements. The calculations are given in Table 
Il, the method previously described (Part I, Joc. cit.) being used; points (b) and (c) are recal- 
culated from the older data. The average result of 4°68 x 10° compares favourably with 
38 x 10° obtained by the conductivity method 

Attempts were made to study the barium salt by utilising the solubility of barium iodate, 
but Ba,P,O,, proved to be too insoluble —this might prove to be useful in analysing mixtures of 
the metaphosphates 

The average dissociation constants, all « 10°, are: calcium, 4:3, barium, 103; magnesium, 
67; manganese, 1°8; and nickel, 11°3. These correspond on Bjerrum’s electrostatic theory of 
ion association to the following values for the closest approach of the M™ and tetrametaphosphate 
ion: Ca, 36: Ba, 30; Mg, 38; Mn. 3:3; Ni, 3954 


Taste I 
Solubthity data for the dissociation constant of CaP,O,, at 25 
(Concentrations are in millimols. or mg.-ions per |) 
(a) ) ( (d) 
Ca(10,), " * “f . 12-56 
o 
431 
21-90 
7% 
Om 
oil 
20 
0-03 


46 


In Part IV (Joc. cit.) a comparison was drawn for calcium, barium, and magnesium, between 
the dissociation constants of the hydroxides, where the order is that of the unhydrated cation, 
iz., Ba > Ca > Mg (which is similar to that found where chelation occurs such as in the malon- 
ates and oxalates), and the nitrates and iodates, where the energy of solvation is greater than 
the electrostatic forces of attraction, so that the order of the dissociation constants is that of the 
hydrated cations, i.2.,,Mg > Ca > Ba. It was pointed out that with the 2-3-valent trimeta- 
phosphates the stronger electrostatic forces cause the dissociation constants to be between 
the above orders, i.2., Mg > Ba > Ca, the electrostatic forces partly overcoming the forces of 
hydration. With the 2-4-valent tetrametaphosphates studied in the present paper, this 
effect is even greater, so we now find the order to be Ba > Mg » Ca. With ions of even higher 
valency-products we should therefore expect to get back to the order of the hydroxides and - 
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my pete ee 1937, 432; Part I, loc. cit.). The solubility measure- 
press om may ~ Leet aod by Wine wad Duin )-” 1938, 273). 


We thank Messrs. Albright and Wilson Ltd. for the gift of the sample of sodium tetrametaphosphate, 
and the Koya! Society for a grant with which to purchase a calculating machine 
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684. The Autoridation of Phenylhydrazones. Part I. 
By K. H. Pausacker 


The rate of autoxidation of various phenylhydrazones of aromatic aldehydes has been 
investigated a A structure is advanced for the autoxidation product, and 
the mechanism of reaction is 


Buscn anp Dierz (Ber, 1914, 47, 3277), in contrast to Baly and Tuck (/., 1906, 89, 988), found 
that, when bydrazones, in benzene solution, were shaken with oxygen, approximately one mole 
of oxygen was absorbed and the empirical formula of the product contained two more atoms of 
oxygen than that of the original hydrazone. Hydrazone (I) could be autoxidised if (4) R* and 
R® « aryl, and R* and R* « H, (6) R' and R* = aryl, R* = H, and R* = alkyl, (c) R' and R* = 
alkyl, K® « aryl, and R* — H, of (¢d) R' and R* « aryl, R® « alkyl, and R‘ =H. On the 
basis of these results they ascribed the structure (II) to the autoxidation product 


' —N-N ‘ 
(L) RYRCIN-NRORE weet i (11) 


Busch and Kunder (Ber, 1916, 48, 2345) found autoxidation of benzaldehyde phenyl- 
hydrazone in ethy!-aleoholic solution containing a smal! amount of acetic acid to take an entirely 
different course, giving (II1)—4(V1), benzophenone phenylhydrazone, 8-benzoy!lphenylhydrazine, 
benzoic acid, and benzaldehyde 


Ph-N-NICHPh Ph-N-NICHPh Ph-NH-NCPh ety 
Ph-N-NICHPh Ph:N-NH-COPh Ph-CO-NH-NPh Ph-N-N-CHPh, 
(I1L.) (Iv.) (Vv. (VL) 


In the present paper, a study has been made of the effect of substituents on the autoxidation 
rate of benzaldehyde phenylhydrazone, measured by determining the volume of oxygen absorbed 
after different times. As a thermostat was not used, the results are only semi-quantitative. 

As oxidation rates are, in general, greatly influenced by the presence of impurities (see, for 
example, Kaymond, J]. Chim. physique, 1931, 28, 480; Almquist and Branch, /. Amer. Chem 
Soe., 1932, 54, 2293), the rates were measured both for the “ pure " substance (known as the 
“ uneatalysed " reaction) and after addition of 002 mole of benzoyl peroxide per mole of 
hydrazone (the “ catalysed “” reaction) In all cases the reaction was of the first order, i¢., 
—d(O,)/dt = A(V,, — V,) where V, and V, are the volumes of oxygen absorbed at infinite time 
and time f respectively 

Like many autoxidation reactions (Waters, ‘‘ Chemistry of Free Radicals,”” Oxford, 1946, 
pp. 234 ef seq), this reaction has been found to display the characteristics of a free-radical reaction. 
Thus, in light, the uncatalysed reaction (y= 12°9 minutes at 22°) is slower than the catalysed 
reaction (f, = $0 minutes at 21°), but both these reactions are slower when performed in the dark 
(catalysed, 4; — 24°6 minutes at 15°; uncatalysed, 25°6 minutes at 15°). Moreover, the reaction 
in light has an induction period when §-naphthol is added, in contrast to both the catalysed and 
the uncatalysed reaction for which no induction period is observed. Finally, the autoxidation 
rate varies with the solvent in the order benzene > cyclohexane > methyl alcohol ~ acetone, 
which agrees with that demonstrated by Waters (op. cit., p. 16) for a free-radical reaction. In 
certain solvents (notably carbon tetrachloride), the reaction appears to follow a different course, 
forming entirely different products, and this variation will be the subject of a separate study 

Owing to fluctuations in room temperature the rates recorded for the substituted 
benzaldehyde phenylhydrazones are not strictly comparable. However, indications were 
obtained that the reaction has not a large activation energy, as the 4 values did not differ by 
more than | minute with temperature differences of 5°. This agrees with McDowell and Thomas's 
finding (/., 1949, 2212) that the autoxidation of acetaldehyde has a low activation energy. The 
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rates measured differ widely from the few reported by Busch and Dietz (loc. cif.), probably 
owing to a difference in the efficiency of shaking. 

with Busch and Dietz, it was found that acetophenone phenylhydrazone 

= 21°3 minutes at 17°) than the 

appeared not to absorb 

reacts 

normally with oxygen ; however, it may be noted that the product of this reaction is the only one 
that they did not analyse, being stated to be too unstable to be isolated. 

The formula (I1) ascribed by Busch and Dietz to the product of autoxidation is reminiscent 
of that originally proposed for the autoxidation product (VII) of olefins (Engler, Ber, 1897, 30, 
1669; 1898, 31, 3046; 1900, 33, 1000); this was shown to be incorrect by Criegee, Pilz, and 
Flygare (ibid. 1939, 72, 1790), who proposed the accepted structure (VIII) for evelohexy! 


mene SR & (X) PhCHIN-NPh-O-On veCn~8-ane 
hina (XL) PlyNINCHPh-O-On 


(VIL) “(VIL) (x.) 


hydroperoxide. By analogy alone, therefore, it may be legitimate to propose the hydroperoxide 
structure (1X), in place of that (X) favoured by Busch and Dietz for the product formed from 
benzaldehyde phenylhydrazone. This would be supported by our inability to autoxidise benz- 
aldehyde methylphenylhydrazone. However, a structure such as (IX) appears inherently 
improbable, and so the structure (XI) is proposed. This is supported by the fact that all the 
autoxidation products are pale yellow. 

Formation of (XI) may proceed as follows : 


« * 
PhCH:N-NHPh + 0, (or Re)  ———> P-CHIN-NPh + O,H> (RH) 
(XI) (XI1.) 


tw 
(xIn PhCH-N(NPh Oy b 
~*~ ye ~~ Ph-CH-N°:NPh 


(XIV) 


Stages (a), (c), and (d) resemble very closely the corresponding stages in the autoxidation of 
olefins (Waters, op. cit., p. 241), and stage (6) merely indicates resonance between (XIII) and 
(XIV). Some support for this mechanism is derived from the fact that Busch and Kunder 
(loc. cit.) observed the formation of both (I11) and (V) during the autoxidation of (X11) in ethanol. 
(ILI) may be formed by dimerisation of (XIII), and (V) by interaction of (XIII) and (XIV) 
followed by oxidation and rearrangement. 

The choice between the structures (IX) and (XI), which are considered most probable for 
the autoxidation product, has been difficult to make, and definite proof is still lacking. (XI) is 
preferred for the following reasons: (a) it resembles the known hydroperoxides formed by the 
attack of oxygen on the carbon atom a to a double bond; (6) as already mentioned, the colour 
suggests that a chromophore is present which does not occur in the original hydrazone ; (c) Busch 
and Dietz (Joc. cit.) found that the autoxidation product, like hydroperoxides, could be determined 
iodometrically and thereby reduced to §-benzoylphenylhydrazine, possibly proceeding by the 


mechanism : 


(XT) + (XT 


3HI 
HO-O-CHPhN:NPh ——> HO-CHPh-N:INPh ——> HOCPhIN-NHPh ——> PhCO-NH-NHPb 


Rates of oxidation of various substituted benzaldehyde phenylhydrazones (XV) are given in 
the table 
a9 7 
<a CHEN Ni ay (xv) 
se ¢ o 
As the reaction is apparently susceptible to catalysis, the following discussion will deal 
principally with the catalysed reaction as traces of impurities can radically alter the 
“ uncatalysed ” reaction. 
It is seen that ali the compounds substituted in ring a were autoxidised more slowly than the 
parent compound, but it may be noted that all the mefa-substituted compounds reacted more 
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rapidly that the corresponding para-compounds. In comparison, the presence of electron- 
donors in ring » increased the autoxidation rate (a slight divergence being noted with the 
3-methy! compound) and electron-acceptors decreased it. In fact, it is found that the latter 
rates (catalysed and uncatalysed) may be inter-related by means of Hammett’s equation 
(Hammett, Physical Organic Chemistry,"” McGraw-Hill, 1940, p. 186). The agreement is best 
with the uncatalysed rates. Ordinarily it is considered that Hammett's equation cannot be 
used with free-radical reactions. However, it has been found (Barron, /. Biol. Chem., 1932, 97, 
287) that the rate of autoxidation of certain leuco-dyes with widely different nuclei, which 
is most probably a free-radical reaction, is linearly related to the oxidation potential of the 
dyestuff. Thus this reaction is in accord with Hammett's generalised formulation of his 
equation 


Catalysed Uncatalysed S ‘ Catalysed Uncatalysed 
)} Temp. 4(min.) Temp 4% (min.) Temp. 4(min.) Temp. 
i7° , ta , 1 47 20° 


Too slow to measure 
17 416 
Too slow to measure 
(muh stetuted. 


12 Mole % of quinol added : 4 — 142 mins. (20°). 
5 Mole % of B- naphthol added: 4% 16-4 mins. (21°) (induction period 4 mins.) 
Methy! alcohol as solvent | 73 mins. required to absorb 10 mi. of O,. 
Acetone as solvent : 70 mins. required to absorb 10 mi. of O,. 
cyeloHexane as solvent: 152 mins ~ 7 to absorb 10 ml. of O,. 
zene as solvent; 3-0 mins. required to absorb 10 mil. of O,. 


it is not apparent at first why substituents have different effects depending on the ring to 
which they are attached, but this may possibly be explained as follows. The rate-determining 
step may be postulated to be the removal of a hydrogen atom (XII ——» XIII).* If this is the 
case, then the rate of the reaction will be dependent on the energy difference between the starting 
material (X11) and the radical formed (XIII «<—> XIV). In the formation of the radical, the 
resonance energy of the conjugation between ring a and the ~CH=N- is largely lost, but this loss 
will be greater with all compounds substituted in ring a, and particularly with those para- 
substituted, than with the parent molecule. Thus all compounds substituted in ring a will 
react less readily than the unsubstituted molecule, as has been found. 

In addition, in the starting material, ring & is conjugated with the lone pair of electrons on 
the nitrogen atom, the resonance energy of any compound being greater than the unsubstituted 
compound when electron-acceptors are present in the ring and less when electron-donors are 
present. Thus the presence of electron-acceptors in ring 8 will increase the energy difference 
between the starting material and the radical, thus causing a decrease in rate, whereas the 
reverse will be true with electron-donors This reasoning also serves to explain why Hammett’s 
equation is applicable in this series 

Another possibility should perhaps not be neglected. The hydrazone may first rearrange to 
an azo-compound, which is then autoxidised in the usual manner 


—CHIN-N " . va Y—CHyN:N—S 8 5 
(2 —CHN-NH 7 > a : > 


Apart from the fact that this is a reversal of the norma! change (Taylor and Baker, ‘ Sidgwick’'s 
Organic Chemistry of Nitrogen,’’ Oxford, 1942, p 432), it would be expected that the rearrange- 
ment would occur as follows 


<<. £ ‘ 
Ph HON-NHPh > PeCH=N—NPR *— > PhCH-NINPh — > PhCH,yNINPh 
H* H* 


and this change would be favoured by electron-acceptors in ring B, which is certainly not in 
accord with the autoxidation rates observed 


* The discussion of the effects of substitution on reaction rate is based on a suggestion by a Referee 
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It may be noted that Grammaticakis (Bull. Soc. chim., 1947, 14, 438) has postulated, on the 
basis of spectroscopic evidence, that the equilibrium ArCRIN-NHPh == ArCHR-N°NPh 
exists for phenylhydrazones. As he makes no mention of excluding oxygen from his systems, 


“ En effet, cette phenyl- 

(eyelohexanone phenylhydrazone) fraichement préparée et A | état solide est incoloré, 

ce qui indique |'absence de la forme azoique; mais mise en solution, elle se colore en jaune, par 

suite de son isomérisation, la vitesse et l'intensité de la coloration dépendant des conditions 
expérimentales (nature du solvent, etc.).”’ 


EXPERIMENTAL. 

Am pres iy of Phenylhydrazomes.— pe pee phenylhydrazine and benzaldehyde were dissolved 
a alcohol, ag heed epg = ti was recrystallised from ethy! alcohol. The 
p.s agreed with those oy Densditcigd ertacthoapphengligdvnee, m.p. 101° 

(Found " N, 12-3. C,,H,ON, requires N, 12-4%), appears to be new. 
thydrazone (2-08 =~ 10° mole) was dissolved in sodium-dried sulphur-free 
mi. distillation flask. The tus was twice evacuated (to ca @) mm.) and 
gen from a cylinder. The flask was attached to a “ Microid ” shaker operating at 860 
pao bebe Sy ve fg bt yg Te The absorption of oxygen 
a rette (to + 0-1 ml.), ait Sogou ee being maintained atmo- 
auparte. Between 42 and 50 ml. of oxygen were absorbed 6 oe Henzoy! peroxide 
a) Seeks Re een For Seostions ta the ‘ the flask was sprayed 

with black ename!. 

The & values were obtained as follows. Plotting log,,(V.. — Vi) against ¢ disclosed a linear relation- 
ship, showing that the reaction is of the first order. W log 2 18 divided by the negative of the slope 
Afar The slopes of the graphs were obtained by the method of least squares. 
are the mean of two or more experiments and are, in general, accurate to 4 1 minute. 


The author thanks Mr. A. N. Hambly and Dr. M. F. R. Mulcahy for much helpful discussion. 


Unrverstry oF Metsovans, Victoria | Received, June 28th, 1950.) 





685. Some Amino-derivatives of Borine. 
By G. E. Coarss. 


Whereas Me,N-BX, (X = . or Cl) associates, giving a yre stable dimers, (Me,N),BH 
and (Me,N), BCI are m Attemp prepar of bis(dimethylamino)methylborine 
gave only the di ylaminodimethylborine (I1) and trisdimeth 
aminoborine i ; uct (IV), which with 
hydrogen chloride forms ylamine by and methyl! dimethylboronate. The 
co-ordination complex (IV) ‘s also formed tly from dimeth ine and methyl dimethy!l- 
boronate Lithium aluminium hydride reduction of ch isdimethylaminoborine gives the 
monomeric bisd hyl borine. 


Derivatives of borine, BH,, in which one or more of the hydrogen atoms are substituted by 
electron-donor atoms or groups, are of interest on account of the nature of the bond between 
boron and the substituent atom. For example, dimethylaminoborine may be written 


Me,N-BH, or Me,N—BH,, and the latter formulation indicates that association could occur; 
thus, the above compound (from diborane and dimethylamine) is very readily hydrolysed, 
but gives a crystalline dimer stable to, and insoluble in, water (Wiberg and Bolz, “ FIAT 
Review of German Science, 1939-—1946,"" published 1049, p. 129) 











~4H a a > /BHY.. 
BH, + 2NHMe, ——> 2MeN=BH, ——> MeNC- ” NMe, 


Perhaps the most striking example of this is to be found among the dimethylamino-derivatives 
of boron trichloride (Wiberg and Schuster, Z. anorg. Chem., 1933, 218, 77, 89). The 
monosubstitution product Me,N-BCl, is a colourless fuming liquid, b. p. 112°, and when freshly 
prepared from boron trichloride and dimethylamine it is monomeric and violently hydrolysed 
by water. On storage, it slowly forms a crystalline dimer which is inert even to boiling dilute 
acids and alkalis. Many other similar compounds have been prepared and are reviewed by 
Wiberg (op cit, pp. 125-147) and by Goubeau (ibid., pp. 228-—234) 
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The disubstitution product (Me,N), BCI, chlorobisd hyk borine, remains monomeric 
under all conditions (Wiberg and Schuster, loc. cit.). 


(MeN), BCI 
es 
Me I. 
perme, 
+ - MeOH shi ~ 
(IV) Me,Nii—iMe,-OMe Me,N-BMe, (II) (Me,N),B (IIL) 
mal be ~ “ing, 


VeNHJC + Me,BOMe ——> 
(v,) 








With the object of preparing bis(dimethylamino)methylborine (1), chloromsdimethylamino- 
borine was allowed to react with dimethylzinc, but low-temperature fractional distillation of 
the product gave approximately equimolecular quantities of its disproportionation products, 
the monomeric dimethylaminodimethylborine (11) and trisdimethylaminoborine (I1I). The 
properties of (11) and (111) are identical with those given for these substances prepared by other 
methods (see Experimental). 

The volatile product (II) reacted rapidly with methanol at low temperature forming a 
beautifully crystalline addition compound (IV), the vapour of which was wholly dissociated at 
all temperatures from 50° to 100°. This compound was readily transferred within the vacuum- 
apparatus since its vapour pressure was 24 mm. at 20°; it reacted immediately in the cold with 
one molar equivalent of dry hydrogen chloride, giving dimethylamine hydrochloride, and a gas 
which must be methyl dimethylboronate (methoxydimethylborine) (V). The vapour of this 
compound, which is the oxygen analogue of (11), is also monomeric. 

The solid compound (TV) is considered to be the co-ordination complex of methy! dimethy!l- 
boronate with dimethylamine; it is also obtained by the direct addition of these components, 
consequently its vapour probably consists of these two substances rather than of (II) and 
methanol 

Lithium aluminium hydride reduction of chlorobisdimethylaminoborine gave bisdimethyl- 
aminoborine (V1) which, in contrast to its methy! derivative (I), is stable and does not 
disproportionate. The hydride is a colourless liquid, m. p. — 55° to — 56°, and is monomeric in 
the vapour state. This compound, prepared by another method, has already been reported, 
and its properties are similar to those given in the FIAT Review 

The vapour pressures of the compounds described above were measured over the following 
temperature ranges: (11), 0—55"; (IV), 20-45"; (V), —55° to —10°; (VI), 20-—50° (see 
table) 


Compound A.® BK. p. (extrap L..* keals./g.-mol. Trouton const 


Me,N-HMe, 1600 . 65 
Me,NH-BiMe,-OMe 3285 2571 5iI—S2 
Me, B-OMe 1450 

(Me,N),BH 1875 


© Logy, (¥. Plan * (A/T) 4 + = latent heat of evaporation. 
{ Latent heat of sublimation 


21-6 


EXPERIMENTAL 


The preparations, reactions, vapour pressures, and molecular-weight measurements were carried out 
in a vacuum-apparatus of the usual type (see. ¢ ¢.. Stock, “ Hyd of Boron and Silicon,” Cornell, 
1933, Sanderson, “ Vacuum Manipulation of Volatile Compounds,’’ Wiley, 1948), in which those parts 
of the apparatus to which reactive compounds have access are connected together by mercury float 
valves instead of greased stopcocks. 

Drchlorodumeth yi oborine and Chlovobssdimethylaminoborime.— These compounds were prevared 
by Wiberg and Schuster’s method (Joc. cs/.) except that carefully dried »-pentane was used as diluent. 
It was necessary to work as quic as possible in order to separate the mono- and di-chloro-products 
before the former had time to te to the dimeric form to any great extent 
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res teaction of Chiorobisdimethylamincborine with Dimethyizine ; Dimethylamimodimnethylb 
risdimethyl. ob rome (111). —Dimethylzine (68-1 normal <.c.. 14, ¢.c. of gas at 

was condensed on ch yt borine (0-3011 g., equiv. to 40-4 normal cc. of - t 
vessel (120 c.c.) and allowed to warm up to room temperature. 














ragraraten 
“133 mm. ot 0"), ond 
(v. p. 2-8 mm. at 0°), which 





oe by microcombustion, for which the 
analyan by chistate and sealed (Found: C. 
and molecular t 


bulb was known (Found: M, 860 Calc. for monomeric C,H,,NB: M, 856-0). 

w ant Dados Gist Raton, 9, SR howe pegees Oe compound by heating the addition 
compound of trimethylboron and dimethylamine. They record only one vapour pressure (53 mm. at 
©”) and an estimated b. p. ~ SO 85°. 

-.. Pa ae dimethyl was analysed by hydrolysis and titration of the liberated dimethyl- 
— cllowed by removal ofthe latter and mannitl uttati of the boron eee ge ae gens em 

ni Bye N The pressure and molecular weight were also measured the 

tity of y= yoo ~~ was contrmed by comparison with Wiberg and Schuster’s results (Joc. est.), 
who prepared it ‘Sen be boron m trichloride excess of eae 

Methyl Dimethylboronate (V).—Dh 











sealed tube was $1—oe°. The pute at of this addition product (IV) was 
transferred to the high-temperature for measurement of vapour pressure 
The vapour pressure at 20° was 23-6 mm. The rather bigh molar best of sublimation, 15-0 keals. /g.-mol., 
ven in the table, inclades the heat of dissociation, since measurement of vapour density between wo 
when the sample was completely ee 
to 99%, dissociation. The sam was then transferred to a weighed tube attached to the vacuum- 
qpgcesses by a ground joint, and one molar equivalent (17:2 c.c.) not ogo y whee ay condensed on it 
a pe ee de rtp pao peo ture, with the formation of a gas (17-4 ¢.c.) 
(Found: M,71-1. C,H,OB requires M, 71-9) and a white non-volatile solid (62-1 mg.; calc, 62.6) which 
ey identified as dimethylamine hydrochlonde, characterised as NN -dimet a only N’-e- “ thylurea, 
~ 2 158—159°. Since no material was lost in operations the gas cou B-OMe, 
methyl dumethylboronate (methorydimethylborine). 


To confirm that the compound (IV) should be regarded as the co-ordination complex of methyl 
dimethylboronate with dimethylamine, 17-6 normal c.c. (56-5 mg.) of the former were condensed in a 
tube in the vacuum-a tus, and 17-6 normal c.c. of dimethylamine were added. Reaction occurred 
on melting, with the formation of the white crystalline volatile solid (IV), m. p. 51—52° (sealed tube), 
v. p. 23-5 mm. at 20° (cf. above) 


Bisdamethyl. borime (V1).—Lithium aluminium bydride (218 mg., about 100% excess) was 
quickly powdered and transferred to a tube, which was then attached by a ground joint to the vacuum 
apparatus. Chlorobisdimethylaminoborine (1-406 g.) was condensed m vacwo on the lithium aluminium 
hydride, and the mixture allowed to warm to room temperature; it then slowly bubbled for just over an 
hour and became just warm. The product was frozen, a — ~ ‘pe pen off, and the vol- 
atile material fractionated into two components : 0-24 c.c. 5 mm. at and l4cc..v.p. 38mm. 
at 20°. The less volatile ooh elt onan etna wreaen and anal sis showed that it consisted of a 
by of starting materia) with some tr ‘ tter must have been formed by 

jonation reaction, although no ethyl ine, “— detected. The more volatile 

fraction was divided into three iS cones the ‘nt (6-0512 ) ws vaporised at room tem ture in 

Dame volume and exerted a a molecular weight of 100- 

peg mg M, ei the second (90800 Dicigty ve 12-8 cc. of 

~S— mand 632 of H > corresponding to a 

J ferred to the high-temperature ald, and ite 

The vapour pressure is given in the table; the 

The substance appeared to be quite 
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686. The Constitution of Vaccenic Acid. 
By 5 5. Gurra, T. P. Hivorren, 5S. Paur, and R. K. Suxirvastava 


The traces ct rans-octadecenox acids present tn the body and milk fats of oxen and 
and termed “ vaceenic acid,” contain both trems-octadec-10-enoic and trans-octadec-| l-enoic 
ackis.* Other fatty acids so far recorded in natural fats are invariably cis-isomers. The 
appearance of traces of frans-isomers im certain animal fats that these may be the 
result of metabolic alteration of the natural (is-)glycerides in specific animals concerned 
leading to beth cis- and freans-forms of the artefacts in question. 


Vaccernic acto, the name assigned by Bertram (Biochem. Z., 1928, 197, 433) to an acid present 
im very small proportions (01 to at most 1%,) in ox and sheep body fats and in butter-fat, was 
stated by him to be trans-octadec-1l-envic * acid. In recent years the acid has attracted some 
attention owing to reports (Boer and Jansen, Arch. néeri. Physiol, 1941, 26, 1; Boer, Jansen 
and Kentie, J]. Nutrition, 1947, 88, 339, 359) that it conferred growth-promoting properties on 
butter-fat; but these findings were not confirmed by other workers (Euler and Euler, 
Z. Vitaminforsch., 1948, 1, 474; Deuel and Greenberg, /. Nutrition, 1948, 35, 301) or by later 
observations of Boer, Groot, and Jansen (Voeding, 1948, 9, 60). In connection with these 
nutritional studies, Groot, Kentie, and Knol (Rec. Trav. chim., 1947, 66, 633) had recourse to the 
preparation of presumed frans-octadec-1l-enoic (vaccenic) acid by the partial hydrogenation of 
the elwostearic giycerides in tung oil (as described earlier by Boeseken, Krimpen, and Blanken, 
ibid, 1930, 40. 247). Recent observations have created some doubt as to whether either 
Bertram'’s natural vaccenic acid or the hydrogenated product from elaostearic acid in fact 
possesses the constitution of an individual octadec-11-enoic acid. 

Abmad, Bumpus, and Strong (J. Amer. Chem. Soc., 1948, 70, 3391) synthesised crs-octadec- 
ll-enoic acid (m. p. 106-12") from lI-chloroheptadec-10-yne and obtained from it by 
isomerisation with selenium frans-octadec-ll-enoic acid, m. p. 43-44" [the structure of the 
trans-acid was verified by Bumpus, Taylor, and Strong (ibid., 1950, 72, 2116) by its oxidation to 
11: 12-dihydroxystearic acid and scission of the latter by periodic acid). Ahmad ef al. found 
that the infra-red spectrum of a specimen of highly-purified natural vaccenic acid (m. p. 42°5°) 
prepared from beef tallow by Rao and Daubert (ib:d., 1948, 70, 1102) was identical with that 
of the synthetic frans-octadec-Il-encic acid. On the other hand, Benedict and Daubert (idid., 
1049, 71, 4113) studied the X-ray diffraction spectra of elaidic (trans-octadec-9-enoic), the 
synthetic trans-octadec-1l-enoic, and the specimen of natural vaccenic acid mentioned (m. p. 
42:5") the long and side spacings of elaidic and the synthetic frans-octadec-11-enoic acids were 
identical, whereas those of the natural vaccenic acid were markedly different. Their conclusion 
that the dissimilarities in the X-ray spectra may possibly be due to differences in the structure 
of the acids is somewhat difficult to accept, for, since isomers with a trans-ethenoid bond in the 
#: 10- and 11: 12-positions give identical spectra, it is not easy to understand why a trans- 
ethenoid bond im another position in the molecule should give rise to different spacings. It is 
perhaps more readily conceivable that a mixture of frans-acids with the double bond in different 
positions might lead to the observed differences in the X-ray diffraction spectrum 

We ourselves have, from time to time in the past 12—-15 years, had occasion to examine 
natural vaccenic ackl concentrates from various sources. We have verified most of Bertram’s 
original observations, with one exception : we have consistently failed to identify »-heptanoic 
acid and nonanedicarboxylic acid, (CH,),(CO,H),, as the sole products of disruptive oxidation of 
vaceenic acid. We have, on the contrary ; found evidence of the concurrent presence in these pro- 
ducts of m-octanoi and sebacic acids (sometimes in relatively large proportions), thus indicating 
the presence of an octadec-10-encic acid in the material submitted to oxidation. In view of the 
recent observations by the American workers (Joc. cif.) on infra-red and X-ray diffraction spectra 
of vaccenic acid and related acids, we believe that a brief record of the chemical evidence which 
we have obtained over a period of some years in regard to the structure of vaccenic acid may be 
of interest 

Bertram (loc. cif.) states that oxidation of the aldehyde and aldehydo-acid produced on 
ozonolysis of vaccenic acid (4 g.) led to the isolation of liquid monobasic acids (0-8 g.) (Found : 
W135. Cale. for C,H,,O,: 130) and solid dibasic acids (2°6 g.) (Found: M,215°8. Calc. for 
C,,H,.O, : 216), m. p. 100-8", and, mixed with authentic nonanedicarboxylic acid, m. p. 110 
110°5°. We have often repeated this oxidation (employing potassium permanganate in acetone 
olution as oxidising agent) and have invariably found the dicarboxylic acid products of oxidation 


* Geneva numbering 
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to be a difficultly separable mixture of indefinite melting pomt, from which in only one instance 
(a specimen of vaccenic acid from cow-milk fat) were we able eventually to isolate a small 
quantity of nonanedicarboxylic acid. Again, on effecting partial separation of the mono- 
carboxylic acid products of oxidation by distillation through a small fractionating column we have 
observed consistent evidence of the presence therein of both »-heptanoic and #-octanoic acids ; 
the range of boiling point and the equivalents of the distilled acids stand in marked contrast to 
those observed when the monobasic acids produced by the oxidative scission of oleic or elaidic 
acids (cf. Experimental, p. 3489) are distilled. 

Bertram assigned a frans-configuration to the acid partly on account of its relatively high 
melting point but also because he was unable to convert it by the usual isomerising agents into a 
higher-melting or “ elaidic form. We have on several cocasions submitted specimens of 
vaccenic acid to the action of selenium at 220°, and have found the product to consist mainly of 
the origina! acid, accompanied by smaller proportions of a liquid isomeric acid. This of course 
confirms that the natural acid is a frans- or “ elaidic * isomer, the action of selenium resulting in 
the production of the equilibrium mixture of trans- and cis-forms in which (in the higher 
monoethenoid acids) the former predominates (cf. Griffiths and Hilditch, /., 1932, 2315). 

The dihydroxysteanc acids produced when vaccenic acid is oxidised (i) in alkaline media 
and (ii) with peracetic acid conform in melting point with those which would be expected to 
result from the hydroxylation of a trans-ethenoid acid. A specimen of vaccenic acid isolated 
from cow butter-fat yielded, on oxidation with dilute ice-cold alkaline permanganate solution 
(Lapworth and Mottram, J., 1925, 127, 1628) a dihydroxystearic acid which melted at 04:5" ; 
when peracetic acid (Scanlan and Swern, J. Amer. Chem. Soc., 1040, 62, 2305) was employed as 
oxidising agent the product was a dihydroxystearic acid which finally melted at 126°. More 
crystallisations than usual were necessary in each instance before the melting point reached 
approximate constancy; this again points to the probability that the vaccenic acid in question 
was a mixture of more than one of the higher trans-ethenoid fatty acids, with consequent 
formation of a mixture of dihydroxystearic acids of similar stereochemical configuration 

Since elaostearic esters from tung oil have been stated (Groot ef al., loc. cif.) to yield vaccenic 
acid (trans-octadec-11]-decenoic acid) on partial hydrogenation, the nature of the octadecenoate 
esters produced by this means has been further investigated, and we have confirmed the view 
expressed by Hilditch and Pathak (Proc. Roy. Soc., 1949, A, 198, 323) that the chief primary 
products (monoethenoid esters) of hydrogenation are not homogeneous, but contain other 
monoethenoid isomers of the trans-octadec-ll-enoate (which, however, is the predominant 
component) 

The new factor which has emerged from the studies of the American workers, taken in 
conjunction with the facts now presented, is that natural “ vaccenic “ acid is undoubtedly a 
mixture of more than one trans-ethenoid acid, and certainly contains trans-octadec-10-enoic as 
well as trans-octadec-I1-enoic acid. This puts a completely new aspect on the matter: when 
Bertram published his original data, it appeared that vaccenic acid was a unique instance of the 
production of a trans-higher monoethenoid acid in Nature. With the evidence now put forward 
for the presence of at least two isomeric trans-acids in “ vaccenic " acid it seems more likely that 
this is not the complete picture. There is no proof that corresponding cis-forms of these trace 
acids are not also present in the animal fats concerned, for such forms would have passed, 
during the preliminary separation of the vaccenic acid as insoluble lead salt, into the more 
soluble portions of the fatty acid lead salts, and would have escaped detection. On the other 
hand, the presence of traces of isomeric forms of oleic acids in many animal fats and a few 
vegetable fats has long been recognised. Milliken and Brown (/. Biol. Chem., 1944, 154, 437) 
found that, whilst the octadecenoic acid in chicken fat, groundnut, cottonseed, maize, and 
linseed oils was wholly oleic acid, yet in some fats of animal origin (such as pig and ox depot 
fats, adrenal phosphatides, pig liver fats, and human body fat), and to a lesser extent in soya 
bean oil and rape seed oil, small quantities of an isomeric octadecencic acid accompanied 
ordinary oleic acid (which formed almost the whole of the octadecenoic acids present), Moore 
(J. Soe. Chem. Ind., 1919, 38, 3207) recorded the presence in Antarctic whale oi! of an isomer 
of oleic acid, which gave rise to a dihydroxystearic acid, m. p. 124-125". Armstrong and 
Hilditch (J. Soc. Chem. Ind., 1925, 44, 18017) obtained a concentrate of an isomer of oleic acid 
(but still accompanied by the latter) from the least soluble lead salts of whale oi! fatty acids 
from the products of its disruptive oxidation they isolated »-heptanoic acid and smal! amounts of 
a dicarboxylic acid (equivalent 103°5) which suggested the presence of an octadec-11-enoic acid 
A dihydroxystearic acid, m. p. 125-—~126°, was also obtained. These results are thus very 
similar to those obtained with natural vaccenic acid 
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Taking a!) these facts into consideration, it may well be that the traces of trans-mono- 
ethenow acids found in some anima! fats, notably those of ruminants, are the result of secondary 
changes effected in the natural cis-glycerides synthesised by the animal or derived from its diet, 
and leading to equilibrium mixture of cis- and frans-forms of isomeric octadecenoic acids (the 
trans-isomers alone would be isolated by the techniques employed to concentrate the less soluble 
isomers of ordinary oleic acid). On this hypothesis, the mixture of trans-acids termed 
“ waceentc “ acid merely represents part of the by-products or debris resulting from secondary 
changes of a minor order and is not a primary constituent of the natural body or milk fats in 
question , in which case, particularly having regard to the need for much more information on 
the composition of the natural fats produced in a much wider variety of animais than has yet 
been studied, it may be unfortunate that a disproportionate amount of effort has been expended 
on the study of these trace components of a relatively small group of anima! fats—an amount 
incommensurate with their probably insignificant intrinsic importance 


EXPERIMENTAL. 


The data recorded below refer to studies of vaccenic acid from different sources carried out by one or 
other of the co-authors of this paper (as indicated in the siie-headings) 


(a) From Ox Depot Fat. (1938, S. Pavut.)—Solid fatty acids accumulated in the course of a — 
of the component glycerides of a perinephric fat from a 3-year old Shorthorn (Hilditch and " 
Biochem. ]., 1038, a2 1775) served as the source of vaccenic acid. The acids (460 g.) were melted and 
mixed with a solotion of mercuric acetate (300 g.) dissolved in a mixture of glacial acetic acid (300 g.) and 
methy! alcohol (400 ml), as recommended by m (loc. ct.). The saturated fatty acid salts which 

after the solution had remained at room temperature for 24 hours were removed filtration 
and pressing (without washing), and the unsaturated portion of the orginal acids (55 ; LV., 49) was 
tecovered from the filtrates. These acids were submitted to a lead salt separation from alcohol, the 
deposited solid aciis (25-4 §) beins re-submitted to the mercuric acetate separation, whereupon 15-6 g 
of unsaturated acids (1.V., 70-3) were recovered from the soluble mercuric salts. This material (with a 
further 5-4 ¢. of acids (1.V., 75) obtained by re-extracting all the insoluble mercuric salts with the acetic 
acid-methy! alcohol mixture) was —- in the subsequent experiments, since the only extraneous 
matter was almost certainly satura acids. 

Ondation with potassum pe é je im acetone, The vaccenic acid concentrate (6-5 g.; L.V., 79) 
was converted into methyl ester (6 “a which was dissolved in acetone (130 ml.) and oxidised with 
powdered potassium permanganate ( .). After the reaction products had been worked up in the 
usual manner, the monobasic acid products were separated by distillation in steam, and converted into 
ethyl esters which, on distillation at 15 mm. pressure, gave a main fraction with an equivalent of 159 
(ethyl heptanoate, 158). The dicarboxylic acid products of oxidation were isolated and crystallised 
repeatedly from a number of different solvents (methyl! alcohol, chloroform, water) but the highest m. p 
attained was 96-95" (indefinite). 


Oxidation with peracetic acid, The crude vaccenic acid (2-2 g.) was dissolved in glacial acetic acid 
(15 g.) and oxidised (Hilditch, /., 1926, 1828) with perhydrol (3 §). The recovered dihydroxystearic 
acid, after several crystallisations from ethyl acetate, melted at 126°. 


Tsomerisation with selenium. Vaccenic acid (4-0 g.) was heated at 200° for 3 hours with powdered 
selenium (0-01 g.), after which the product was separated into “ solid " (2-08 g.) and “ liquid " (0-98 g.) 
acids by « lead salt separation from alcohol. On oxidation with peracetic acid the “ solid "' acids gave 
the above dibydroxystearic acid (m. p. and mixed m. p. 126°), but the “ liquid “ acids similarly yielded a 
dihydroxystearic acid, me 116° (raised to 122° on admixture with the acid of m. p. 126°). 
The “ liquid “ acids thus evidently still contained some of the original vaccenic acid in addition to a low- 
melting isomer. The production of the latter only in relatively small proportions afford chemical 
evidence that the original vaccenic acid possessed the trans-ethenoid configuration. 


(b) From Cow Mith Fat. (1947, R. K. Sunrvastava.)—-Accumulated “ solid " acids obtained during 
lead salt erations of butter fatty acids at different times in owr laboratory were first crystallised 
systematically from ether at temperatures ranging from 0° to —50°. By this means the following 

ation waa finally effected from 1691 ¢. of “ solid ” butter acids whose iodine values ranged from 
8H to 174 





Fractions of acids obtained by crystallisation 
Fraction ; Iodine value 
A 
B 
r 


The acids C, 2, E, and F were separately converted into methyl esters, which were distilled through 
an electrically-heated and packed fractionating column in a vacuum; ester-fractions with equi 
approximating to 290 were combined and h . ed to 
crystallisation from ether or acetone a . There i 


eS 
of iodine value 80—05; the 





ridation with Pola:stum permanganate in —— The : 

acid (1.V., 74-0) were dissolved in acetone (144 ml permanganate (72 g. 
whereby (in addition to 30g. of unoxidised, eunied coun af ae 30) there were 
, of monocarboxylic and 7-6 g. of dicarboxylic atids. The monocarboxylic 
ait on fractaona! distillation at atmospheric pressure . 


We D> cocew 
Bp. .... 
Equiv 


The equivalents indicate that heptanosc (130) and octanoic (144) acids were the chief components of 
the mixture, with smaller proportions of an acid or acids of lower molecular weight. 


nm to isolate an individual acid or acids from the dicarboxylic acid products of oxidation were 
unsuc cess 


Ondation with dilute alkaline per fe (Lapworth and Mottram, jcc. cif.). The waccenic acid 
(1-3 g.) was converted into potassium salt, and the latter oxidised at 0° in solution in water (1150 ml.) in 
presence of excess of potassium hydroxide (1-0 g.) with —o permanganate (1-5g.). After removal 
of saturated acids from the isolated products of d ted washing with cold hght petroleum, 
the crude dihydroxystearic acids (0-77 g.) were wd crystallised from ethy! acetate and finally 
from methyl alcohol, from which Shinckcy 6 9 a amount of material which melted sharply at 04.5° 
was obtained 


Oxidation with peracetic acid. The crude vaccenic acid (1:34 g.) was oxidised by the procedure of 
Scanlan and Swern (lec. cif.). The acids recovered after refluxing the products obtained with alcoholic 
potassium hydroxide were crystallised from light petroleum (to remove saturated acids), and then from 
ethyl acetate. After recrystallisation from this solvent 0-3 g. of dihydroxystearic acid, m. p. 126°, was 
produced 

I somerisation with selenium. Crude vaccenic acid (2-3 8) w was heated at 220° in an inert atm 
for an hour in presence of powdered selenium (0-02 g.). | (which had approximately the 
same m. p., 34--35", ee a ated ton acetone at ~40", 1-35. of acids 
(LV. 71-1) were depomted, leaving 0-55 g. (L.V., 80-9) in solution. The soluble oy (0-4 g.) were 
oxidised by dilute ice-cold alkaline permanganate, anda dihydroxystearic acid, m. p. 127° was produced. 


(c) Prom Sheep Depot Fat. (1949, S. S. Gurta.)—Solid fatty acids accumulated in the course of 
earlier studies of sheep body fats (Hilditch and Pedelty, Biochem. ]., 1941, 86, 932; Hilditch and Zaky, 
ibid, p. 940) were systematically crystallised from 10% solutions m ether at the temperatures shown in 
Fig. | (iodine values of each fraction are given in parentheses) 


The fractions D and F, although poe rich in vaccenic acid, were not used in the ee 
constitutive experiments since they may still have contained small quantities of ordinary « acid. 


oxidation of the solid isomers of oleic acid from the fat, and for this purpose the fractions 4, B, and 
© were utilised. The presence of large amounts saturated acids does not interfere, since the 
corresponding CHReEERAS COREY COED OF ESS neutral material after the oxidation. 


A further quantity of ey “ solid " acids (189 g.) was later submitted to the same series of 
crystallisations from ether, w y, in addition to very sparingly soluble material (4’, 04 ¢., 1.V.. 20; 
and 3B’, 69 g., L.V., 3-1) there was obtained a fraction C’ (8-7 g.; I.V., 41-4), the esters of which were 
used for ozonolysis. 

Ostdation with pot. tone. (i) The methyl esters of fractions A and B, which 
contained only about 3% of onstacuted material, nevertheless examined because the latter certainly 
consisted entirely of solid isomers of oleic (215 g.) were oxidised in acetone (1000 ml 

.), which left 211-5 g. of unattacked esters (I.V., 1-9) 
further examination) and 2:16 g. of crade 











ye 
130-132") 
is ten water, still 


(ii) The methyl esters of fraction C 


roe eae be aD ope pny a 
crude . of 
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The dibasic acids (4-3 g.) were separated in chloroform at 0° into an insoluble (2-0 g.; m. p. 120—125") 
and a oe Co &-5 water! deposited | nay a The insoluble fraction, on further tion from 
ether and then from . (m. p. 129-132") which on further crystallisation from water 
gave O8 ¢ (m Le Pree ites one — , *h 6). Admixtere with sebacic acid (equiv., 101-0) caused no 
Snavation in the m. p 

The acids soluble in chloroform were separated by ether at 0° into 0-7 g. of insoluble acids, m. p 

100°, which after further crystallisations from water yielded of m. 120125"; the 
soluble fraction (equiv., 100-5) was further separated by ether at 30° into an bie and a soluble 
a em after further purification from water, respectively melted indefinitely at 105—113° and 
wot 
This experiment therefore clearly indicated the presence of both om ag (equiv., 130) and octanoic 
pe: 144) acids in the monobasic products, whilst octanedicarboxylic (sebacic) acid was definitely 
in quantity from the dibasic products; the latter also pre bm — A more soluble acids 
which gave indications of containing nonanedicarboxylic acid (equiv. 108; m. p. 111—~112"). The 
— of octadec-10-enor acid in considerable quantity, and its accompaniment by octadec- 
l-enoic ackl, are thus definitely established in the “ vaccenic " acid of the sheep body fat 


Fre. 1. 
Crystailisation of “ solid” acids from sheep body fat. 
2540 ¢ (11%) 


| 
153-8 g. (17-5) 


128-4 —¢ (83) 


ur 


. (488) 101g (45-0 


100-1 g. (2-7 140 ¢. (3-45 S2e i 2 Tile. (660) 16-0 g. (69-0) 
4 R D I 


Osidation by osome The methyl! esters (8-7 g.) of fraction C’ (1. V., 41-4) were dissolved in methyl 
acetate (43-5 ml.), and a current of ozonised oxygen passed through the solution at about —60° for 
an howr. The solvent was removed in a current of dry air and the ozonide decom by refluxing 
it with water, hydrogen percxide solution was then added and the mixture left for 3 days working 
up of the products 5-6 g. of neutral esters (1.V., 12-3), 0-3 g. of monobasic acids, and 2-3 g. of crude 
dibasic acids were obtained. The quantity of monobasic acids was insufficient for further examination, 
but the dibasic acids, when crystallised from chloroform at 0°, gave insoluble material which after 
recrystallisation from chloroform melted at 129—130° (mixed with sebacic acid, m p. 131-—132°). The 
acids soluble in chloroform were refluxed with light petroleum, which left a solid of indefinite m. 5 
(s0.100°): further crystallisations from water led to the isolation of a small proportion of acid, m. p 
120.125", but the accompanying acid of apparently lower m. p. could not be isolated in sufficient purity 
for its identity to be established 


(4) From Cow Milk Fat. (1949, 5. S. Gurta.)-—The “ solid” acids of butter-fat, separated as 
alcohol-insoluble lead salts after prior removal of acids (mainly butyric and hexanoic) volatile in steam, 
coptain | sroportions of decanoic, lauric, myristic, and palmitic acids in addition to acids of 
the Cy, yl esters (180 ¢ LV., 96) of “solid” butter-fat acids, accumulated in 
the iepteaners %. = work, were therefore first fractionally distilled in a vacuum. When rather 
more than half of the esters had distilled over between 100° and 122°, the column-head temperature rose 
sharply to 128°, and the iodine value of the distilled esters (which up to that point had not exceeded 1-1) 
rose similarly suddenly to 74. The distillation was therefore terminated, and the residual undistilled 
esters were crystallised from 10%, solution in ether at —35° in the manner shown in Fig. 2 


Fraction D was rejected in case of contamination with ordinary oleic ester. 


Fraction C (110 ¢.: LV... 36-1) was oxidised in acetone solution (220 mi.) with te 
(30 g.) and _— neutral products (40 g.; I.V., 5-9), monobasic acids (0-9 g., too small for forthe 
examination), and dibasic acids (2-6 g.). The crude dibasic acids were 

those from pesggnem oo. gne yaks Saeey One 

105° (mixed 104", depressed to re , 
m p. he, ulead to 305180") > This . when left in acetone for three days at 0°, deposited a 
few crystals which melted at Neb ane with nonanedicarboxylic acid, m. p. 108-110"). 





The Constitution of Vaccemc Acid. 


of cow milk fat vaccenic acid, definite evidence was 





presence 
octadec-10-enoic acid in the cow milk fat vaccenic acid, whereas in the vaccenic acids of ox and sheep —— { 
tats (Experiments (a) and (c)) the proportions of the two isomeric octadecenoic acids appear to be 
Fic. 2 
Crystallisation of methyl esters of “ solid” acids from cow mith fat. 
85-9 g. (1.V., 17-5) 


| 


— - 
624 ¢ (8 17-7 g. (40-2) 
| 


gee en ———_—— 


14-2 g. (36-0) 97 g. (37-5) 


53-5 ¢. (2-1) 11-9 @ (194) 11-3 g. (65-1) 7-7 g. (61-7) 
A &k c D. 


(e) Oxidation of Methyl Oleate and Methyl Elatdate with Potassium Permanganate in Acetone, (1949, 
S. S. Gurta.)—A study of the disruptive oxidation of methyl oleate and methyl elaidate was undertaken 
(i) to obtain comparative data regarding the composition of the monobasic acidic products of oxidation 
and (ii) to satisfy ourselves that esters of trans-acids behave similarly to those of css-acids under the 
conditions of oxidation (a point which appeared not to have been definitely established in previous 
work) 


(i) Methyl oleate. Methyl! oleate was prepared from carefully purified oleic acid (Hilditch and Pathak, 
loc. cst.) which was shown by spectruphotometric analysis to contain no linoleic acid, but which contained 
about 2%, of stearic acid. The ester (10-1 g.; LV., 84-0) was treated in acetone solution (202 ml.) with 
permanganate (40-4 g.); the ducts of oxidation were worked up as usual, and there were obtained 
neutral (unoxidised) esters (0-7 g.), crude monobasic acids (4-1 g.), and crude dibasic acids (45¢.). Two 
crystallisations of the last-named from water (after minary removal of any residual traces of mono- 
basic acids with light petroleum) gave 2-7 g. of cry ine acid (equiv. 95-2; m ? 103-—103-5°, unc 
on admixture with azelaic acid). The monobasic acids, when distilled at 15 mm. pressure through a 
small fractionating column, gays the following fractions : 


O88 1-20 1-20 
140-—148 las 150 190-152" 
149-2 151-8 153.9 


(ti) Methyl elaidate. Elaidic acid was prepared by heating purified oleic acid (54-6 g.) with powdered 
selenium (0-1 g.) at 190-200" for two hours in a current of nitrogen. The product, when cr 
successively from ether at —15 25°, and — 30°, deposited the following crops of elaidic acid § 21-0 ¢., 
m. p. 44°; 7-1 g., m. p. 43-—43-5"; and 10-4¢., m. p. 4142". The total of pure elaidic acid was 
thus somewhat less than 38 g., corresponding to about 70%, of elaidic acid in the equilibriam mixture of 
cts- and frans-acids produced (cf. Griffiths and Hilditch, loc. est.) 


Methy! elaidate = oe from the purest fraction of the elaidic acid (m. p. 44"), and a quantity 
(10-0 g.) was oxidised acetone (200 ml.) with permanganate (40-0 g.), neutral (unonidieed) esters 
(0-3 g.), crude monobasic (4-8 g.), and crude dibasic (5-2 g.) acids being obtained. Two crystallisations 
of the dibasic acids from water gave 1-8 ¢. of pure azelaic acid (m = mixed m. p. 106"), whilst a 
further = of acid (1:5 g.. m. p. 100-102") was recovered from the mother-liquer. The disruptive 
oxidation of the trans-ester thus took place even more smoothly and efficiently that that of the cis-ester 
The monobasic acids, distilled at 10 mm. pressure, gave the following fractions 
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and elaidate stand in marked contrast to the corresponding fractions from the oxidation 
from cow milk fat (6) or sheep depot fat (c). In the latter, the 
fractions is from about 108 to over 140; when due allowance 
ts of secondary oxidation (as shown above), it remains clear that mixtures of at least two 

monocarboaylic products of oxidation resulted from 

Uf) Owidation of H. Methyl Elaostearate from Hydrogenated Tung Oil. (1949, S. S. Guta.) 
= Boeseken ¢f ai. (loc. ett.) stated that octadec-ll-enotc acid was selectively produced at one 
stage of the b af elaostearic esters, and Groot ef al. (loc. cit.) recommended this procedure 
as & means uction of vaceenic acid, Hilditch and Pathak (Joc. cif.) isolated from methyl elxo- 
stearate which been hydrogenated to a point (iodine value 75) at which nearly all elaostearate had 

ed (but which then contained some stearic acid) about 35—40% of a solid monoethenotd acid 

which melted at 30-40". This acid to consist largely of trans-octadec-ll-enoic acid, but the 
presence of other isomeric acids was » indicated. We have therefore re-examined this point. For 
this purpose we selected a specimen of tung oil which had been hydrogenated further than in the previous 
study, in order to avoid as far as possible the presence of polyethenoid products of hydrogenation 

The acids (140 ¢.) froma imen of hydrogenated tung oil (1.V., 47) were first crystallised from ether 
successively at 0" and at —20°, concentrates of saturated acids (0 g.. 1.V., 05; and 26 g., I.V., 28-5) 
being removed. The remaining acids (64., 1.V., 93-0) were further c from ether at temperatures 
down to -- 50", and eventually a fraction of 20-5 g. (1. V., 81-6) was i which melted at 38-5-40-5° 
(mixed with natural “ vaccenic ” acid from butter-fat, m. p. 36-38"). The rest of the monoethenoid 
acids (1 V., 06-09%) were still contaminated with small proportions of diethenoid acids 


it may be remarked that the m. p. of these “ iscoleic " acids appears to be of little use as a guide to 
their identity, Elaidic acid itself melts at 44°, imens of natural “ vaccenic ” acids are also recorded 
by different workers as melting at temperatures ween 40° and 43°, and the tseoleic acids produced by 
partial hydrogenation of oleic or linoleic esters also melt within this range (cf. Moore, joc. cit.). More- 
over, mixtures of these various acids appear as a rule to melt not more than 4° or 5° below the m. p.s 
of the individual acids 


The hydrogenated acids of 1.V. 81-6 were converted into methyl esters, Of which a portion (11-5 g.) 
was oxidised in acetone (230 ml.) with permanganate (46 ¢. There resulted neutral (unoxidised) esters 
(0-%g.. 1.V., 21-7), monobasic (3-8 g.), and dibasic (7 ¢.) acids. The monobasic acids gave the following 
fractions on distillation in a vacuum (02 mm.) 


om 1-26 1-32 al 
oo a so 100” loo— 110° Residue 
lila 1231 1385 1656 


The acids were clearly a complex mixture with heptanotc acid (equiv., 130) predominating, but also 
including octanoic, hexanoic, and probably nonanoic acids 


Crystallisation of the crude dibasic acids led to no definite result, and they were therefore recovered, 
recombined, and converted into dimethyl esters which were also fractionally distilled in a vacuum through 
asmallcolamn. The results were as follows 


we a oem 79 
B. p 95—110 110120 
Equiv 1s 113.0 


The equivalents of the dimethyl esters of azelaic, sebacic and nonanedicarboxylic acids are 
respectively 108, 115. and 122. It therefore appears that nonanedicarboxylic acid was the chief dibasix 
acid constitutent, and that sebacic acid was ) present in some quantity, whilst smaller amounts of a 
lower acid (presumably azelaic) and of a higher acid (? dodecanedicarboxylic acid) were also present 
The acids from the fraction of equivalent 124-3 were recovered and crystallised from water several 
times, about 0-1 g. of an acid of m. p. 102-105” (mixed with nonanedicarboxylic acid, m. p. 100-106") 
being obtained. 


The evidence from both the mono- and di-basic acids from the oxidation thus poits to a mixture of 
several octadecenoic acids having been present. From both analyses it would appear that octadec-11- 
enote acid is the mort abundant isomer, since heptanoic acid and nonanedicarboxylic acid are the largest 
components in each group of acids; but there is also evidence for the presence of other octadecenoic acids 
in lesser amounts, including the A”. and probably also the A*- and A™-acids 


The complex nature of the monoethenoid ackis was also indicated by the formation, either by the 
action of aqueous alkaline permanganate or of etic acid, of a mixture of dihydroxystearic acids 
from which no individual component could be isolated. On the other hand, more drastic oxidation with 
aqueous alkaline permanganate (Lapworth and Mottram, /., 1926, 127, 1987; Green and Hilditch, sbid., 
1037, 764) led to the formation of mono- and di-basic acids, and from the latter a small ion of an 
acid (m. p. 131-132", unchanged when mixed with sebacic acid) was finally isolated. is is further 
evidence that octadec-1]-enoic acid was one of the chief constituents of the mixture of monoethenoid 
acids produced during the hydrogenation of elwostearic ghyverides. 


We thank Messrs. Lever Brothers & Unilever Ltd. for a Lever Research studentship held by one of 
us (S. P.), and the Government of India for scholarships (S. S. G., R. K. S.) held at the periods in which 
this work was in progress. 
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687. The Synthesis and Properties of 2: 4-Diaminothiazoles. 
By W. Davies, J. A. Mactaren, and L. R. Wrxnson. 
e: Pe eae ease, See yi the a, of S-substituted 
the hydrochloride of the selenium analogue of (II ; 


aminothiazoles is very camly hydrolysed by acid and 2 
of aromatic character. 


ACCORDING to Miller, Kissinger, McBurney, and Sprague (/. Amer. Chem. Soc., 1940, 62, 2100, 
2102), chloroacetonitrile and thiourea interact at room temperature in acetone to form S-(cyano- 
methy!)isothiourea hydrochloride (I), m. p. 95--105° (decomp). Zerweck and Schubert 
(D._R.-P. 729,853; Chem. Zentr., 1943, 1, 2033) claimed the production of the hydrochloride of 
(II) by the use of hot alcohol as solvent, but on repetition of the process Ganapathi and 
Venkataraman (Proc. Indian Acad. Sci., 1945, 22, A, 359) were unable to isolate the free base 
Land, Ziegler, and Sprague (/. Org. Chem., 1946, 11, 622) then found that (I) was converted 
into the hydrochloride of (II) by means of hot alcohol. Meanwhile, the present authors had 


CN WH HN——N HO N NHAct——N 

CH, CNH JHC) —,4 RC CNH, RC CNH, » RC CNH Ac 
s Ss s ‘ 

(L.) (11.) (mt (Iv.) 


NAc:C——N NAc — NAc oc - NH 
RCH (€NHAc PhCH CNAc CHP CS 


‘ s $ 
‘Vv. (VI) (VII) 


independently found that, when cold alcohol replaces acetone as solvent in the original 
condensation (Miller et al., loc. cit.), the only product (which does not melt below 360°) is the 
hydrochloride of (II), into which the unstable (I) (prepared in acetone) is converted on attempted 
crystallisation. It is now found that the condensation of thiourea and a-halogenc-nitriles to 
form salts of 2: 4-diaminothiazoles is a general reaction, which is, however, limited by the 
inactivity of the halogens in some substituted nitriles. The structure of the 2: 4-diamino- 
thiazole produced as above is proved by acid hydrolysis, which affords successively 2-amino-4- 
hydroxy- (III; R H), and 2: 4-dihydroxy-thiazole 

2-Bromobenzy! cyanide similarly gives the hydrobromide of 2 : 4-diamino-5-phenylthiazole 
(Il; R « Ph), likewise converted stepwise by acid hydrolysis into the 2-amino-4-hydroxy- 
and the 2: 4-dihydroxy-compound. The relatively inert «<hloropropionitrile reacts with 
alcoholic thiourea after the addition of sodium iodide, and yields the hydriodide of 2 : 4-diamino- 
5-methylthiazole (Il; R «= Me). However, attempts to condense «-bromoisobutyronitrile 
with thiourea have been unsuccessful. Although no reaction occurs between chloroacetonitrile 
and urea, which is less reactive in this sense than thiourea (Anderson, Faith, Marson, Winneck, 
and Roblin, J]. Amer. Chem. Soc., 1942, 64, 2002), selenourea readily forms the hydrochloride of 
2. 4-diamino-1 : 3-selenazole (Se for S in II), the free base of which is too unstable to be isolated 

The 2 : 4-diaminothiazoles isolated are monoacid bases characterised as picrates, and their 
very soluble salts with halogen acids are stable to air for years. During the isolation of the 
free bases, especially (11; RK « H), atmospheric oxidation readily produces tars and this may 
explain Ganapathi and Venkataraman’s failure (loc. cit., p. 360) to obtain the free base (I1; 
R<H). These diaminothiazoles are almost completely devoid of aromatic character, for, unlike 
some 5-aminothiazoles, ¢g., 5-amino-2-mercapto-4-phenylthiazole (Cook, Heilbron, and Levy, 
J.. 1947, 1603), they neither form Schiff's bases with aldehydes nor undergo diazotisation 
The 2: 4-diaminothiazoles do not give the carbylamine reaction, which is, however, not a 
satisfactory test for amines in the thiazole series, since 2-aminothiazole also does not give this 
reaction under the usual conditions. Finally, both amino-groups are replaced by hydroxy- 
groups through acid hydrolysis, to which the 4-amino-group is extremely sensitive. This 
extreme activity accounts for the production of 4-hydroxy-2-anilinothiazole and not the expected 
diamine in the condensation of N-phenylthiourea with chloroacetonitrile. 

An analogy is seen in the properties of 2 : 4-diaminothiazole and the so-called “ isosteric ' 
2: 6-diaminopyridine. Sheth ‘cane dieesaate baie Gat te foams SiAUETS tenon PRubodtor and 
Schickh, D.R.-P. 563,132; “ Friedlaender,”” XIX, 1128) of to undergo diazctisation (Titov, 











3492 Davies, Maclaren, and Wilkinson : 


Chem. Abs., 1939, 33, 4245), and the structurally analogous 4- and 6-amino-groups are much 
more rapidly hydrolysed than the 2-amino-groups (Sele and Titov, Ber., 1936, 68, 1884). 
Similar lack of aromatic character is shown by some 2 : 4-disubstituted amino- or hydroxy- 
thiazoles such as 2-amino-4-hydroxythiazole (Culvenor, Davies, Maclaren, Nelson, and Savige, /., 
1949, 2573) and 2 ; 4-dibydroxythiazole and related compounds, the properties of which indicate 
an imino. or “ keto- and a reactive methylene group. In general, compounds of this type 
including (11) react not so much in the aromatic form (LX) as in the partly saturated (X) and the 
completely saturated (XI) heterocyclic system. The introduction of an amino(or hydroxy)- 
group in other five-membered heterocyclic “ aromatic "’ types is known to produce a similar 
effect. Thus the extremely labile 3- but not the 4-amino-group in 3 : 4-diaminothionaphthen 
(VILL) (Fries, Hemmecke, and Siebert, Annalen, 1937, 527, 83) has no aromatic properties. 
Although in thiophen (Steinkopf, “ Die Chemie des Thiophens,” Leipzig, 1941, p. 59) and 
furan (Ann. Reports, 1939, 36, 311) the presence of one amino-group causes a drastic weakening 
in aromatic character, yet three amino-groups are required to produce this effect in benzene 
(" Beilstein,” Vol. 13, 204). 

Acetylation of 2; 4-diaminothiazole yields a diacetyl derivative (presumably IV or V; 
K = H), but 2: 4-diamino-5-phenylthiazole yields in addition a triacetyl compound, probably 
(VI), trom which the diacetyl compound is readily regenerated by hydrolysis. The structures 
(V) and (V1) take cognisance of the fact that the 4-amino-group in 2 : 4-diaminothiazoles seems, 


von N ¥~——N ¥:¢——NH 
HC C-XH _— nt XH HSC cx 
\y i aoe \“ \% 


(ix.) (X.) (XI) 


from its ready hydrolysis, to behave as a ketimino-group. Tautomerism of the 4-acetylimino- 
to the acetamido-group is still possible in both (V) and (VI), though no more acetyl groups can 
experimentally be introduced. The most easily hydrolysed acetyl group in (V1) is probably 
that in position 3, from analogy with the reactivity of the 3-sulphonyithiazoline derivatives 
(Hartman, Cueni, Druey, and Meyenburg, U.S.P. 2,386,852; Chem. Abs., 1946, 40, 5532 

It has been noticed that, when thioamides and related compounds can condense (Culvenor, 
Davies, and Heath, /., 1949, 278) with ethylene oxides, they are also sufficiently reactive to 
condense with a-halogeno-nitriles. Since it was now found that ammonium dithiocarbamate 
forms 5-benzylidenerhodanine (VII) with ethyl phenylglycidate, it was expected that with 
a-chioroacetonitrile it would yield 4-amino-2-mercaptothiazole. The only products isolated, 
however, were ammonium chionde and sulphur-containing, indefinite liquids, which are also 
obtained when thioacetamide, benzy! dithiocarbamate, and N-allyithiourea are used. Also 
the expected synthesis of the hydrochloride of 2-amino-5 : 6-dihydro-4-imino-1 : 3-thiazine and 
its homologue from the condensation of thiourea with §-chloropropionitrile and with 6-chloro- 
isobutyronitrile cannot be effected. Attention is directed to the structure of 8-chloroiso- 
butyronitrile, MeeCH(CN)-CH,C! (prepared from acetone cyanohydrin and phosphorus penta- 
chloride), since up to the work of Stevens (/. Amer. Chem. Soc., 1948, 70, 165) it had been 
recorded as the a-chloro-nitrile, Me,C(CN)CI 

2-Amino- and 2: 4-diamino-thiazole have been reported (Shaw and Bentley, Med. / 
Australia, 1949, 2, 876) as having mild analeptic activity against morphine in the dog. Dr. Shaw 
(private communication) now reports that 2: 4-diamino-5-phenylthiazole is a very potent 
analeptic, but 2 4-diamino-5-methyithiazole is without action 


EXPERIMENTAL 


2 4-Diamimothiasole (11; RB H The hydrochloride was produced almost quantitatively when 
chioreacetonitrile (1 mole) was added to a solution of thiourea (1 mole) in 15 times its weight of methy! 
alcohol, and the solution kept at room temperature for 3 weeks, or at 35° for one week. A larger 
proportion of ethyl alcohol was similarly used, and also refluxing of this solution for 4 hours gave a good 
vield of the hydrochloride. When acetone was used as solvent at room temperature (Miller ef ai., 
loc. est), an oil gradually separated and slowly crystallised, and after several weeks at room temperature 
# a few minutes when boiled with 80%, alcohol the product was again the above hydrochloride, which 
crystailieed trom 80% alcohol in short, fine needles very soluble in water: they darkened about 2% 
and melted above 360° (Found: C, 2405; H. 40, Cl, 26-85; S, 20-8 Cake for C,H N,S.HC: C, 
23:8, H, 40, Cl), 23-445; S$, 211%). The free base was obtained when the hydrochloride (0-3 ¢.) was 
stirred with n-sodium hydroxide (2 ¢.« the solution acquiring a basic smell; the precipitate was 
hitered off, washed with a little water, and dried in a vacuum, and then crystallised from alcohol in 
colourless crystals (which gradually became pink and then brown in air), m. p. 143° (decomp Zerweck 
and Schubert (jcc. ctf.) report m. p. 145° (decomp 
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2 ¢4Diaminothiazole : was obtained by an solution of the h 
faa Tsien sen alcobel be Sulhouw exputais, m.p Bae 74 
8 ee Land af al. (lee. cit.) record m. p. > 





aqueous alcohol in silky fakes, m 
C, 422; H, 45; N, 21-1%). It was unc 
form a picrate. 


2 4-Diamino-5-phenylthiazole and Derwatiwes. —Interaction of 


Pp 200 30" (Found Cc, rey fl m fi: x 
hanged by boiling acetic anh 





H, 46. N,S requires C, 56-4; 

, %). fod pa i eas Iso (decomp) (Pound C4315; 
H, 30; N, 20-15. PSC, ee eye C, 42-85 2-85 20-0%). 

Diacetylation of 2 : 4-di i le was eflcted when the hydrobromide (27 4.) was 
warmed, with pyridine (cic), conled, mined with scetic anhydride (10 Cc), and. kept a room 
temperature for 6 days. The tate was washed with water, the crude 2 
paengemsenate (Y 3 R = Ph) (1-0¢ tes, mp. 233— 

234° (Found. C, 868; H. 47; NS, 153. 8 1178. ; MH, @7; N, 16-25; 
5. 11-65%). With alcoholic picric u ' a4 b needles, m. p. 
207° (decomp.), from alcohol (Found: N, 1635; 5, 65. C,H yO,N,S,C,H,O,N, requires N, 16-7; 
S, 64%). 

Triacetylation was effected under more be tee conditions, 2: 4 Re ey eg er 
bromide (5-4 g.), pyridine (2 c.c.), and acetic anhydride (39 <.c.) weve balled fer pag one Te | 

red into water, and the crude 2 © 4-diacetamido-3-acctyl ree (58 
rom benzene acetic ovses requires 8.1339; 0,{181 wee "| 194-5° ( 

S, 10-2. C,,H,,O,N,S requires N, 13-25; O, ‘el. ‘s. 1 1% 
diacetyl derivative ve (0b .) was refluxed with acetic anh 
and alcoholic 
im. p. 203— 
di-acetyl Gutestios when (a) it was refluxed in 20% alcohol for 6 hours, and (6) 0-34 g. in ethanol 
(8 cc.) containing 10% sodium hydroxide (0-4 c.c., 0-33 mole) was at room temperature for 12 hours 
in a desiccator under reduced presure, which led to a gradual removal of the solvent. 

Derivatives. of 2: 4-Di 5-methylthiazole.—Thiourea (3-8 g.) and « itrile (4-5 .) 
did not interact in 96% alcohol (50 ¢.<.) at room temperature during 4 days, but at 40° the solution 
gradually became and in 10 weeks 2-63 g. of crystals were sited. More was obtained by 
concentration of the mother- -liquor and finally as the picrate, a total yield to 51% = 
2 4-diamino-5- ithiasole hydrochloride being obtained. This -_ crystallised from 90% alc 
prisms, m. p. 220-—231° (decomp.) (Found: N, 26-45; Ci, 21-2. C,H,N,S,HCI requires N, 25-35; Ch. 
21-4%). It was formed in 40% by refluxing of the alcoholic solution of the reactants for 20 hours 
Molar quantities of thiourea, o-aiaseqeaptenitets, end , and sodium iodide in 96% alcohol at room temperature 
oop bby gat het Feeds) bh {2 no-5-methylthiazole hydriodide, cream-coloured prisms, mp 
225° (decomp.). Durii rystallisation, rapid boiling of the alcohol is advisable to avoid separation of 
iodine (Found: N, 16- C,H, N,S,HI requires N, 16-35%). It was also formed in 72%, yield by 
boiling an alcoholic solution of the reactants for 10 hours, followed by concentration of the solution on 
the water-bath at ordinary pressure. Attempts to prepare the free base from the chloride or iodide by 
means of the theoretical quantity of sodium hydroxide solution gave a pyridine-like smell, but the only 
derivative (also formed the action of ammonia) was 2-amino-4-hydroxy-5-methyithiazole (III 
R = Me), which was slowly deposited in the aqueous and not the ethereal layer used in extraction of 
the product. It formed needles from water, sintered at 203°, and melted at 207-208" (decomp.) 
Found: N, 21-55. Cale. for C,H,O,NS: N, 21-55%). It was also made by refluxing «-chloro- 
propronamide (2 g.) and thiourea (1:4 g.) in alcohol (25 c.c.) for 9 hours, the solution being evaporated to 
dryness after removal of ammonium chloride. 


Unlike the other 2-amino-4-hydroxythiazoles, the 5-methy! derivative was recovered unchanged 
after being heated with concentrated hydrochloric acid on the water-bath; however, with 14x-sulphuric 
acid under similar condité the mixture gave off a mercaptan odour, and benzene-extraction 
yielded a colourless, alkali-soluble oil. This failed to c , but is probably identical with 2: 4-4) 
hydroxy-5-methylithiazole, m. p. 46—47° (Wheeler and . Amer ‘Chom J., 1900, 24, 78) 

Although 2 : 4-diamino-5-methylthiazole is tly too unstable to exist, the readily 
iced esaige uattes Boom: Sees m. p. 216-217" (Found: N, 23-15; 5,92. C,H, ESC AHO,N, 
requires N, 23-45; S, 89% 2 & Diacetamido-5-methylthva role refluxing for }) minutes 
a solution of 2 ‘-dlamine $- methylthiazole hydrochloride 
Ee ee ee eee eee ee It separated from water 
or — light petroleum in needles, m. p. 23° (Found: S, 14-95. CH LON, ‘Caguives S, 16-0%). 

Mis Reactions.._No bromide ion tarrastts when «-bromotsobu was refluxed 
with an nicobotie thiourea solution for 13 pontieny: but N-phenyithioures and ¢ mitrile reacted 


iN, 




















specimen (m. p. 179—1 
J tie ant 


= ait}. 
at room temperature for a month, 
ype eek at 2.) mi from 80%, 
¢.«.) for 24 hours, and the colourless ipitate (0 2 har eae 
hee «ogg th gees Pure 2 "bdse 1: ob , 





interaction of aqueous solutions of the diamine h and sodium te _ crystallised from 
water in golden needies, m. p. 220-225" (Found : N, 21-26. C,H,N,Se.C,N,O,N, requires N, 21-45%) 
Hydrolysis of 2: 4-Diaminothiazole and its Derivatives.—(i) 2: 4-Diamimothiazole hydrochloride 
Vand water (78<.c)) were heated ander refx for @ hours, and the orange orange copa (33. “* 
240° (decomp. 
10. ‘fiss) (Found: N, 2 3 
ONS i, 24:18%) (ii) 2 + nlnooks hyasochhostiie (18 o.)) woter (10-01), nad 
Cale or HO 5 ¢.c.) were heated under reflux for 5 hours; the product formed on 
eva tion crystallised from water in needles, m. p a yt undeprested when mixed with authentic 
2 4-dihydroxythiazole. (iii) Refluxing for 3 hours of a 5 ueous solution of 2. 4-diamino-5- yl- 
thiazole hydrobromide gave 2-amsno-4-Aydrory-5-pheny plates (from alcohol), m. p. 
(depending on rate of heating) (Found: C, 562; H, 4-25; N, 14-65 C,H,ON,S requires C, 56-2; 
H, 4-15; 146%). It was also formed (mixed m. p.) in 58%, yield by the interaction of e-bromo- 
phenylac etamide (56 g.) and thiourea (1-5 Fy boiling alcohol (50 ¢.c.) for 24 hours. The pPrevate, 
red im alcoholic solution, has m (Fouad: 5S, 7-7. C,H,ON,S.C,H,O.N, requires 5, 
#%,), (iv) 2: 4 Dihydrony-o-phen (time of boiling 2 hours) like 2 : 4-dihydroxy- 
thiazole ae formed hair crystals, m. 131°. Wheeler (Amer. Chem. J., 1901, 352) 
. 126-126" (Found C, 56-4; H, 41. Cale. for CJH,O.NS: C, 560; H, 365%). It was 
‘when the di- and the tri-acety! derivative of 2 : 4-diamino-5-phenylthiazole (1-0 g.) were 
botled with dilute bydrochioric acid (10 ¢.c.; 6x). 

The unexpected formation of 2-amino-4-hydroxy-5-methyl- and 4-hydroxy-2-anilino-thiazole 
(above) instead of the expected free 2 : 4-diamino-derivatives affords further instances of the ready 
hydrolysis of the 4-amino-group. 

5 Bensylidenevhodanine.-Ammonium dithiocarbamate (1-5 g.) and ethyl phenylglycidate (2-2 g.) in 
75%, alcohol (20 ¢ c.) were kept for a month at 35—-40°, the sulphur was removed, and the filtrate concen- 
trated under reduced pressure. The precipitated orange needles (0-1 g.), m 203204", without 
recrystallisation, were identical (mixed m. p.) with 5-benzylidenerhodanine (VII) (Granacher, Helv. 
Chim. Acta, 1020, 3, 152) 


Acknowledgment is made to the Commonwealth National Health and Medical Research Council for 
a grant (to J. A.M.) and to N. L. Lottkowitz for most of the microanalyses 
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688. The Constitution of Laminarin. Part I. An Investigation 
on Laminarin isolated from Laminaria cloustoni. 


By J. J. Conweit, E. L. Hirst, and E. G. V. Percrvat. 


Laminarin has been investigated with particular reference to the products of hydrolysis of 
the methylated polysaccharide, and the conclusion of Barry (Set. Proc. Roy. Dublin Soc., 1939, 
82. 50) that the main structure is built up from §-p-glucopyranose units linked through C,,, and 

The yield of See Sp set free on hydrolysis corresponds 

20 glucose units, rather of 16 units as deduced previously (Barry, /., 

. imations of the —- molecular weight of the methylated laminarin 

eat that this chain may represent physical molecule itself. The results of the 

oxidation of laminarin with potassium periodate give general support to this view 4-y - 
there are complications due to over-oxidation, and estimates of the reducing power by 

hypoiodite method appear to indicate that a proportion of the potential aldehyde groups are 

modified in some way. 


Tue polysaccharide laminarin, a reserve carbohydrate abundant in the autumn in the sub- 
littoral brown seaweeds, is readily isolated from Laminaria clousion: fronds on their immersion 
in dilute aqueous solutions of mineral acids. In the first structural studies on this substance 
Barry (Set. Proce. Roy. Dublin Soc., 1939, 22, 59) showed that the glucose building units of which. 
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the molecule is constructed are mutually united through the ! : 3-positions by §-linkages, since 
he isolated 2: 4: 6-trimethy! glucose by the hydrolysis of methylated laminarin and the specific 
rotations of laminarin and its derivatives are low. Further evidence was secured in the resist- 
ance to attack by periodate (with the exception of the termina! groups) 

Barry (J., 1942, 578) made an estimate of the apparent chain length of laminarin by oxidation, 
first with periodate and then with bromine, followed by determination of the equivalent weight 
of the derived acid, arriving at a value of sixteen glucose units for the chain length. This result 
was calculated on the assumption that no oxidation with periodate occurred at the reducing end 
of the chain. If the oxidation proceeded normally, however, for each free reducing group a 
second pair of carboxyl residues would be produced, to give a tetrabasic acid, and the chain 
length calculated on that basis would be greater than sixteen units, and probably about twenty 
units, although exact computation is impossible. By the hydrolysis of methylated laminarin 
and separation of the tetramethy! glucopyranose Barry (Joc. cit.) reported a provisional! value for 
the chain length of about seventy units, but since a relatively small quantity of starting material 
was used and the distillation method of separation was employed he placed little reliance on this 
result 

On taking up another field of chemistry, Dr. Barry suggested that this work might be con- 
tinued in our laboratory, and we have been glad to do this in view of our interest in seaweed 
carbohydrates 

Laminarin from Laminaria cloustoni has been purified, acetylated, and methylated. The 
fully methylated substance, on hydrolysis and separation by filter-paper chromatography (Hirst, 
Hough, and Jones, /., 1949, 928) and by the cellulose column (Hough, Jones, and Wadman, /., 
1949, 2511), gave tetramethy! glucopyranose amounting to 5%, which corresponds to an average 
chain length of about 20 glucose units. The main product of hydrolysis was identified as 
2: 4: 6-trimethy! glucose (cf. Barry, loc. cif.), which was accompanied by a mixture of 2: 6- 
and 4: 6-dimethy! glucose (8%). It seems doubtful, however, if these last components of the 
hydrolysate can have any structural significance since 2: 4: 6-trimethy! glucose was found to 
be particularly susceptible to demethylation and, under the conditions employed for the 
hydrolysis of methylated laminarin, gave an 8%, yield of a mixture of dimethy! glucoses almost 
identical in composition with that mentioned above 

If this conclusion is valid, methylated laminarin should have a molecular weight of ca 4000 
Evidence that this value is of the correct order of magnitude was obtained by a comparison, in 
chloroform solution, with solutions of octa-acetyl sucrose by the modification of Barger's method 
(J., 1964, 286) employed for high polymers by Caesar, Gruenhut, and Cushing (/. Amer. Chem 

oc., 1947, 69, 617); from this it was concluded that the molecular weight lay between 2600 and 
3500. A provisional estimate by the osmotic pressure method gave a value between 3000 and 
5000, and viscosity measurements in m-cresol also indicated a low value for the molecular weight, 
on the assumption that the Staudinger equation is obeyed for this polysaccharide. 

Attempts to determine the size of the molecule of unsubstituted laminarin have given some- 
what conflicting results. Oxidation with potassium periodate (Brown, Halsall, Hirst, and Jones, 
]., 1948, 27) and titration of the formic acid released gave results which were not as easy to 
interpret as, for example, similar experiments with amylopectin; although the liberation of 
formic acid was fairly rapid for up to five days, a steady state was never reached. After about 


CH,OH 


CHO 

' + 2H-CO,H + CHO 
o—-N__cuo 

+ HCO,H » oH 


five days, at which point 1 mole of formic acid had been liberated from 6%—7 glucose units, 
acidity continued to develop, albeit more slowly, in an approximately linear fashion, and iodine 
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was liberated after 10-14 days. This is presumptive evidence of over-oxidation and it is 
significant that the derived disaccharide laminaribiose (Barry, Sei. Proc. Roy. Dublin Soc., 1941, 
22, 423), which was isolated by the partia) hydrolysis of laminarin and separation on the cellulose 
column, when used as a model substance also underwent oxidation with the liberation of iodine 
and more than the expected three molecules of formic acid, in a reaction which showed no sign 
of reaching equilibrium. 

If the laminarin molecule were as depicted, oxidation with periodate would result in the re- 
lease of | molecule of formic acid from 6°7 glucose units for the consumption of 5 equivalents of 
periodate. Both these conditions are fulfilled after oxidation for 5 days, although it cannot be 
clarmed that the result is wholly reliable owing to the continuing oxidation mentioned above 
and the uncertainty mentioned below as to the “ reducing“ end of the chain. An estimate 
of the formaldehyde liberated during the oxidation gave | molecule from 27 glucose units, and, 
whilst this is a considerable deviation from the calculated figure of 1 molecule from 20 units, 
it can be taken as fairly satisfactory in view of the smal! proportion of formaldehyde produced. 

The postulation of such a formula as that discussed above requires, however, that one poten- 
tial aldehydic growp should terminate the chain. From treatment with sodium hypoiodite 
under varying conditions however it is estimated that one aldehydic group is present in a struc- 
ture containing 40 glucose units, and oxidation with bromine and determination of the 
equivalent weight of the derived acid give a result corresponding with 1 in 48. The colorimetric 
method of estimating the reducing power, in which 3: 5-dinitrosalicylic acid is used (Meyer, 
Noelting, and Bernfeld, Helv. Chim, Acta, 1948, 31, 103) and the intensity of colour is compared 
with that developed by laminaribiose solutions of known concentration, indicated the presence 
of one aldehyde group for 13-14 glucose residues, but since there is evidence that laminarin is 
degraded by hot alkali the validity of this result 1s m doubt. 

Because of the apparently anomalous results for the chain length calculated from estimates 
of the reducing power we are not at this stage prepared to claim that a chain of about twenty 
S-D-glucopyranose units linked through positions | and 3 fully represents the structure of 
laminarin, although the balance of the evidence at present available is in favour of such a view 
In any event a highly branched structure appears to be definitely excluded and it 1s proposed to 
investigate the molecular weight of laminarin and its derivatives by physical measurements 
more fully than has been possible hitherto, in order to attempt a final solution of the problems 
involved 

EXPERIMENTAL 

Eatraction of Laminarin.—Laminarin was extracted by Dr. W. A. P. Black, Institute of Seaweed 
Research, Musselburgh, Midlothian, as follows. Fresh Laminaria cloustoni fronds, collected at Oban 
(October-November, 1947), were chopped into small pieces and covered with 1% hydrochloric acid 
(1 1) for 2 days. The mixture containing the finely suspended polysaccharide was agitated and then 
filtered through a coarse filter, and the residue re-extracted with fresh acid. During several days crude 
laminarin was deposited; the supernatant liquid was then siphoned off and the product dissolved in 
warm water (80°) and filtered to remove seaweed particles. The product which - a on cooling 
was collected by filtration, re-deposited from hot water, washed with ethanol and ether, and dried in a 
vacuum-desiccator. The fine white powder so obtained had “af —14-4° (c, 0-9 in water) [Found 
moisture, 10-0; ash (as sulphate), 0-4% 

Purification... The laminarin (60 g.) was dissolved in water (1 1.) at 50°, and deposition allowed to 
continue for 3 days. This process was repeated three times, to give laminarin (40 g.), [a]? —14-8° (c, 
8 in water) (Found moisture, 24-0. ash, @2%). Hydrolysis at 05° in 0-84n-hydrochloric acid was 
complete in 24 hours and gave glucose 06%, (polarimetric estimation), 95% (hypoiodite No other sugar 
could be detected on the paper chromatogram 

4cetylation of Lamunnarin,—Laminarin (0-75 g.). dissolved in warm water and precipitated by ethanol, 
was dispersed by warming it in pyridine (10 c.c.). Acetic anhydride (3 c.c.) was added slowly, most of 
the polysaccharide dissolving. After being kept at room temperature for 48 hours the mixture was 
poured into water (100 c.c.), and the precipitate filtered off, washed with water, and dried over phos- 
phoric oxide in a vacuum desiccator. The product (1-26 g.) was dissolved in chloroform (20 c.c.) and 
precipitated by the addition of light petroleum (75 c.c.; b.p 40-60"). It had ‘a)}? —60° (c, 0-96 in 
chloroform) (Found) CH,CO, 440. Cale. for C,,H,.O,. CHyCO, 44.8%) 


The reducing power (Bergmann and Machemer, Ber . 1930, 63. 316) corresponded to | reducing group 
per 35 C,H,,©, units 


Rensoylation of Laminaria. Dry laminarin gave unsatisfactory results, but a compound correspond- 
ng to a monobenzoete was obtained by using laminarm containing moisture (ca. 10%). 


Laminarin (2 g.) was dispersed in pyridine (20 c.c.) by warming, and benzoyl chloride (6 c.c.) was 
vided slowly with vigorous stirring, a gummy precipitate being deposited. After being for 12 days 
with daily stirring, the mixture was poured into water (250 c.c.), and the whole set aside for 3 days. 
the buff powder so obtained was filtered off, washed with hot water, dried, and purified as described 
the acetate, The final product was a pale buff-coloured powder (2-66 g.), readily soluble in chloroform 
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and acetone, Fogg ws bt “i —54-9" (c, 1-03 in chloroform) (Found C, 58-7; 
H, 52; CHOCO, 4 C,,H,,O, requires C, 58 53, C,H,yCO, 39-56%). 


temperature 
tion, during 5 hours, of methyl sulphate (200 cc’) with continuous stirring Stirring 
overmght, the reaction mixture was — > oe See 0ne ene anak 
dryness (35° /15 mm _), and the solution Dialysis in yarn mete ates mre 
Fonaing Sap water fo # dye remved wauble sulphates, tes, cad the entution (7-6 1) was then 
Acetone (1 OA al DES renee an Ee ae 
penny bay pare wi - by the slow 


the usual way. After most of 





chloroform solu the addition Pecuieem 2 60.80") gave (4) &75 g. (OMe, 41-2%), 
(0) 625 g. (OMe, 08%), (eo)? —7-5* fc, “ite chloroform), and, by evaporation, (¢) 0-75 g. (OMe, 37-5%,) 
Fraction (6) (0-5 g.) was treated twice in boiling methy! iodide (5 ¢.c.) with silver oxide (1-5 g.) added 
in small portions during 30 hours, but the methoxy! content remained unchanged 
Fractions (@4) and (c) were combined and remethylated thrice in dioxan (100 c c ) with sodium bydrox- 
ide (150 ¢.c.; 30%) and methyl sulphate (75 ¢.c.). 
Fractionation as above gave (d) 3-49 g. (OMe, 44-4%,), and (¢) 3-04 g. (OMe, 43-64) 
Viscosity Measurements.—The viscosities of various derivatives, determined in m-cresol at 20° with an 
Ostwald viscometer, were as follows 
Average time of flow (secs 
Derivative Solution Solvent te 
Sal 450 0 266 
635 407 O274 
0-0982 64 - O316 
0-0980 oay ; 0 96 


The concentration, in oo , of repeating units per litre is represented by ¢. The fractions of methyl- 
ated laminann ap pPear to be substantially identical By use of Staudinger's equation 9, — KmM¢ and 
bhi Syed .. the acetate and 19 x 10 for the methylated’ laminarin 
cor \ derivatives; Staudinger and Reinecke, Annalen., 1934, 
values for the enshesuiar weight are ca. 6100 and ca. 2600 respectively, but since the true values for the 
constants are unknown these figures can be taken only as an indication of the order of magnitude of the 
molecular weights 

The Molecular Weight by Barger's Method.—The micro-molecular-weight method of or (J., 1004, 
286), as modified for high ymers (Caeser, Gruenhut, and Cushing. re mer. Chem. Soe, 1947, 6B, 617), 
was applied to methylated laminarin (¢) as follows. Droplets of a 1.05%, solution of this derivative in 
chloroform were ie in ~ tubes, with solations of sucrose octa-acetate (2—5 x 10°-%m.), 
a travelling microse 02 mm. used. The isopiestic condition was found to he between 
3 x l0* and 4 x 1 is ys acetate solution, from which the molecular weight of (¢) appears 
to lie between 3500 and 2600, corresponding to a chain length of 13-17 C,H,,0, units 

Molecular Weight by Osmometry.-An osmotic pressure determination of the molecular weight of (d) 
carried out through the kindness of Professor H. W. Melville, F.RUS., by Mr. G. Forsyth, B.Sc., indicated 
the value to lie between 3500 and 5000. This result must be considered as provisional only, because of 
indications of diffusitility through the membrane 


Hydrolyss of Methylated Laminarin and Separation of Methylated Giucoses.—Fractions (6) (4 
(d) (2-5 g.), and (¢) (2-5 g.) were combined and boiled under reflux in methanolic hydrogen chioride (300 
c.c.; 2%) and chloroform (60 c.c.) for 54 hours. After neutralisation with silver carbonate, treatment 
with hydrogen sulphide, etc., and concentration a clear golden non-reducing syrup I (9-60 g.; «jf 
1-4608) was obtained. 


(a) Hydrolysis for 7 howrs. Syrup I (419 g.) was heated under reflux at 96° with hydrochloric acid 
(120 c.c., 2N.) to constant rotation. The solution was then neutralised with silver carbonate, a portion 
removed for paper chromatography ¢ ts (see below), and the remainder evaporated and dried 
by the addition of alcohol-benzene and distillation. The crystalline mass (2-08 g.) was then separated 
on a column of rm aa Whatman No. | ashiess filter tablets; 3-5 = 41 cm.) in the usual way 
(Chanda et al., J., The collected fractions were dissolved in water, warmed with charcoal, 
filtered through " ilter Ca" eal, after evaporation of the solvent, dried over phosphoric oxide at 35° in 
a vacuum 


By elution with nat) ade mg) wee (b. . 100-.120°)40% m-butanol, saturated with water, frac 
tions (1) 309 me) ) and (2) ( obtained and, by elution with water, fraction (3) (194 mg.) 
was isolated ( Hom the reals of analyse of the partly fraction (1) 
it was mod yd as Camel meth this was by hydrolysis with 
7 Stoke ach (tc. re ggg es and examination on the paper chroma oe. trimethy! 

being shown to be present. This crystalline mixture (291 mg.) which was 
Spaneted on the cellulose column, to give Toctizn (ich (300 mg.) and (15) (100 mg.) (recovery 89%) 
Fraction (la), {a)}? +66° (c, 1-3 in water) (OMe, 49-84%), contained 80-3%, 

oxidation). prey heme, ppl eeeegh | . 40-80") gave a substance, (a) 





waa), p.0D- a eet sO ee p-glocopyranose (Found 
C, 51-3; H, #5; OMe, 504. Cale. forC,H,O, : C, 509; <i 52-5%). The aniline derivative 
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had m. p. 134-136" and m. p. 135-136" when mixed with authentic tetramethy! p- amide 
(Found: C. 61-3: H, 80; 392. Cale. for C,,H,,ON : C, 61-7; H, 80; oe the 


From this experiment the actual amount of tetramethy! glucopyranose in (le) is calculated to be 
128 mg., assuming 80%, purity whence, taking into account the recoveries from the various tions, 
it is estimated that 144 mg.,1.¢. 4-9%,, were present in a total of 2-762 g. of the mixed sugars from 
the columa 


Fractions (15) and (2) crystallised pletely and had m.p. 115-117", raised to 124-—-126° by two 
recrystalliaations from dry ether. The Ng value on a filter-paper chromatogram was identical with that 
of 2:4. 6-trimethyl glucose. The substanc { +91-3° (initial), +75-5° (12 hours, constant; 
¢, 2-2 in water) (Pound : C, 493; H,&3; OMe, 41:3. Cale vp wy C401; H, &1; OMe, 41-8%). 
The derived lactone had 1-4662, {a}! 496° (initial), +42-7° (6 hours, constant; ¢, 2-2 in water) 
aniline derivative, after three rec tions from ethyl acetate, had m.p. 163-165", lalh —S8l° (20 
hours, constant; ¢, 0-6 in methanol) (Found: C, 50-9; H, 76; N,4@9. Cal. for C,H,O.N: C, 60-2; 
H, 7-7; N, 47%). Fraction (3) was a colourless glass consisting mainly of dimethyl glucoses, small 
quantities of monomethyl glacoses, and traces of glucose, it was not examined in detail. 


(b) Hydrolysis for 11 hours. Syrup I (3-56 g.) was hydrolysed with hydrochloric acid (100 c¢.c.; 
2m.) for 1) howrs at 05° and worked up, to give a crystalline mixture (3-213 ¢.; dried over horic 
emide at 35° in a vacuum for § hours). Separation as before on the cellulose column gave fraction (4) 
(250 mg, eluted with 70%, light petroleum -30%, butanol), fraction (5) (2481 mg., 50%, light petroleum— 
50% butanel), fraction @ (220 mg.; same mixture), and fraction (7) (47 mg.; eluted with water) 
(recovery, 03%) 


Partly crystalline traction (4) was hydrolysed with hydrochloric acid (10 c.« 2~.) for 4 hours at 95° 
and, after isolation in the usual way, the completely crystalline solid (230 mg.) was separated on the 
column, to give fractions (44) (148 mg.) and (46) (38 mg.; eluted with water). Fraction (4a) which was 
completely crystalline was chromatographically pure tetramethyl glucopyranose, [a)}¥ +77-0° (c, 1-0 in 
water) (OMe, 490%), both figures corresponding to 93% purity. Corrected for losses in this second 

tion the yield of tetramethyl glucopyranose is 170 mg., i.¢. 5-7% on the total weight (2-998 g.) of 
mixed sugars isolated from the column. This figure is probably too high since the total recovery of 
sugars is usually ca. 90%, which would give an overall yield of 5-1%. Fractions (46) and (5) were 
chromatographically pure 2) 4° 6-trimethyl glucose. Praction (6) was spread over 600 tubes but no 
difference between the Ng values (ca. 0-55) of the first and last frac cats could be detected. It 
had the pore jes of a dimethy! hexose and was isolated as a deliquescent glass which crystallised slowly 
(Found OMe, 27-7. Calc. for C,H,,O,: OMe, 20-68%), [a)]f +77-2° (20 mins), + 68-6° (260 mins., 
constant; ¢, 1-4 in water). When the glass was examined on a pa chromatogram (butanol-ethanol— 
water) run for a sufficient time to give a flow of over 30 cm. of the ing spot, it was observed that the 
single spot obtained on spraying with aniline oxalate appeared to be composite, having a pink “ body ” 
and a brown “ tail towards the upper portion of the oval. It was f that 2: 6- and 4: 6-dimethyl 
ghucoses gave pink and brown spots respectively with aniline oxalate and had tically the same Rg 
values as fraction (6), whereas the Ng value for 2 : 4-dimethyl glucose was co erably higher. 


Afte: (wo recrystallisations from dry ethyl acetate a portion of fraction (6) gave fine needles, m_p. 
150-162", and mp. 155-—159° on admixture with authentic 4 | 6-dimethyl glucose (m.p. 154—159°) 


2. 6 Dimethyl glacose (a glass) has a» + 583° (in water) (Bell and Synge, /., 1938, 1711), (a\p 
+ 63-3" (Breadenberg and Hall, Ber, 1941, 74, 237), and 4: 6-dimethyl glucose has (a)p +65-7° (Bell and 
Lorber, /., 1940, 453) 


Further experiments on the composition of fraction (6) are described below in conjunction with the 
work on demethylation 


Fraction (7) consisted of monomethy! glucoses with a trace of glucose and was not analysed in detail 


(c) oo bv pa chromatography. Syrup I was hydrolysed (95°) with hydrochloric acid (7 
hours) neutralised hydrolysate was passed through sinall columns of “ Zeo-Karb HI" and “ De 
Acidite B,”’ and the ion-free solution evaporated (35°/15 mm.) to a thin syrup which was analysed as 
described by Hirst, Hough, and Jones (/., 1949, 928). the more convenient phosphate buffer was used 
in the analysis (Chanda ef. a/., loc. est.) 


In a typical analysis the following titres (0-01N-sodium thiosulphate) were obtained : tetramethy! 
glucopyranose (0-58 ¢.c.), trimethyl! glucose (9 36 ¢.c.), and dimethyl glucoses (0-95 c.c.), corresponding 
to 53, 86-0 and §-7%, (molar 


The Partial Demethylation of 2 4 6-Trimethyl Glucose —(a) Treatment with 2n-hydrochloric acid for 
Thowrs, Pure 2 4.) 6-trimethy! glucose (0-2 ¢.) was boiled under reflux (5-4 hours) with 2% methanolic 
hydrogen chloride (7 ¢.c.) and chloroform (1:3 «. After being worked up with silver carbonate the 
syrupy methylglucosides were hydrolysed with hydrochloric acid (6 ¢.c.; 2n.) for 7 hours (95°), and the 
mixture of free sugars, after removal of inorganic ions, was isolated as a thin syrup. Paper chromato- 
graphy revealed the presence of dimethy! glucoses and traces of monomethy! glucoses and glucose. The 
appearance and Ro value of the composite spot representing the dimethyl glucoses were indistinguishable 
from those of the product obtained directly from methylated laminarin. Separation on the paper chromato- 
gram and estimation with buffered hypowmwdite gave the following titres (0-01N-thiosulphate) 
trimethy! glucose (9-19 c.c.; 6-28 c¢.c.) and dimethyl glucoses (0-44 c.c.; 0-31 c.c.), corresponding to 4-6% 
and 47% (molar) of the dimethy! sugars 


(b) Treatment with 2n-Aydrochloric acid for 11 hours. Chromatographically pure 2: 4: 6-trimethyl 
glucose (2-6 g.) was boiled with methanolic hydrogen chloride (84 c.c.; 2%) for 52 hours, together with 
chloroform (17 c.c.), as in the experimental procedure for the hydrolysis of methylated laminarin. The 
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were then h Ore, SS Seem 26 60" wih hota: ant Da, 
(Sad gw obtained wos separated on ele “ee * x0 
pod gi tH nnby tga pe 
dimethyl ucoses (202 mg.) (same solvent), monomethyl and maternal 
(119 mg.) yong with water) (recovery, ne: The ey od of 
(molar) of the total recovered product a itted ma) demain 
tmnt ie 4: Crm alan (1700 mg ) dimethyl 
giucoses (35 mg.) (recovery 97-6%,, t glucoses corresponding 
dhe dimethy! fraction isolated from the frst t was a crystallised slowly, 
+ 67-8" (ce, 1-4 im water), and resembled « sly the prac od tooun dunthotated lestinatie 
by. ysates when examined on the paper chromat: 
Glucose Frachons with 5 Sediodanoie 4: 6 Domethy! plu Auth 
w te (1-036 ¢.; 0.bu underwent the 
; * (45 mins.); 054° (90 mins.) ; oan" (180 
, &49° (19 hours); O44" ; » . The derived 2: 4-dimethyl-p- 
erythrose showed, therefore, [e)}? + 33-4° (c, 2-6 in 0-Ss-sodium periodate). 
(b) Fraction (6). Treatment with periodate as described by Bell (/., 1948, 092) gave no formaldehyde, 
The fraction (43-2 mg.), in aqueous sodium i (1-031 g.; 05m.) showed aff +0-86° (25 
mins); 084° (60 sine f ©-32° (23 hours); 0-27° (26 hours); 0-24" (28 hours, comstant). Since 2: 6- 


dimethyl a orged must give an optically inactive product on oxidation with periodate, fraction (6) 
contains 45-5% of 4: 6-dimethyl glucose. 


(c) Dimethyl glucoses from partial — The fraction (41-6 mg.) in aqueous sodium meta- 

cxdate (1-040 g.; San) wee ot +0 (20 mins ) ; ©-77° (90 mins.); 074° (2 hours); 045° (19 

murs); ©39° (43 hours); 0-26° (67 hours, constant), whence the mixture contained 535.5%, of 4: 6 
dimethyl! glucose 


Partial Hydrolysis of I im: Isolahon of Laminaribiose.Laminarin was me we with 
oxalic acid (x.) at 95° for various periods of time. The filter-paper c am (n-butanol -ethanol— 
water) showed two distinct spots (in addition to that due to - ae st having ‘e Values of 0-40 and 0-25, 
respectively. The former was established as from lamunari ith a faster-running solvent 








arising 
(benzene-butanol-pyridine-water (1:5.:3. 3)), run for 2 days, the laminaribiose showed Ng value of 
ca. 0 78 compared with glucose, and two other spots (Ng 0-50 and 0-32) due to other harides 

also observed. Under the above conditions the hydrolysis of laminarin was found to be o 

hours, and the proportion of laminaribiose was highest after 6—S hours 

with oxalic acid (750 c.c.; ».) for 7 hours at 95°, and the solution cooled ahd new with 
carbonate, filtered, heated to 90° (30 minutes), filtered, and evaporated to 150 c.c. at 40°/15 mm. After 


treatment with charcoal the solution was eva _ toa ye A oorea be (34 ‘ ) was added to 
the top of a column of powdered cellulose (3-5 x 41 cm.) pre ly prepared by percolation with a 
1: | mixture of butanol and butanol pone with water. Elution was commenced with the same 
solvent, the eluate being collected in 00-c.c. portions. Until 41. had passed through the column the 
eluate still contained glucose, thereafter the next 1-5 |. contained no sugars, and the succeeding 4-5 | 
contained laminaribiose only. Evaporation of this extract and treatment of the residue with charcoal 
gave a colourless deliquescent glass (0-59 g.), of which 501 on 7 owe with alkaline hypotodite 
consumed 2-71 c.c. of 0-01n-iodine, corresponding to 92-86% of C,H the hydrolysate contained, 
therefore, ca. 15% of laminaribiose. Treatment of the glass with po gave a white microcrystalline 
powder, m.p 160-163" (with previous loss of water at 80°), [a)j) 423-4" (15 mins.), 

constant; ¢, 2-7 in water) (Found: C, 363; H, 68. Cale. for C yeH,,0,,.2H,0 . : 

The derived osazone (50%, a | on allisation from water was obtained as long yellow needles, 
a)’ —71 4 (c, O05 in ethanol), P ~202° (cf. Barry, Sei. Proc. Roy. Dublin Soc., 1941, 28, 423) 
(Found , 52-3; H, 62; N, ie Cale for C,,H,,ON, ‘24,0. C, 620; H, 615; N, 10-1%) 


mace Power of Laminarin.—(1) Oxidation with alhal hypoiodite. Laminarin (0-2—140 ¢.) was 
dissolved in water (10 c.c.) by w . After this solution had been cooled, iodine solution (10c¢.c., 0-16.) 
and sodium hydroxide (8 c.c.; 02s.) were added. After 35-45 minutes the solution was acidified and 
the excess of iodine determined by titration. In six experiments laminarin (10 g.) consumed 3-11 4 
0-09 c.c. of 0-Ln-iodine, corresponding to one aldehyde group in 40 4 1 glucose residues. In similar 
experiments with a disodium phosphate-sodium hydroxide buffer (pH 11-4) consumptions of iodine 
corresponding to 47 (30—100 minutes) and 41 (18 hours) C,H,,O, units per reducing group were recorded 
(2) Oxidation with bromine. Laminarin (1-5 g.) in water (50 c.c.) and bromine (2-3 c.c.) was kept in 
the dark with occasional shaking for 15 days Kiter aération to remove bromine the white suspension 
was filtered off, washed with —, and dried (1-14 g.). After dialysis for 6 days, which results in a loss 
in ~Ay of 40%, possibly indica’ that some degradation to particles of small molecular size had 
ne, Se panes aes ated and dried. 63 G. of this material wired 4-02 c.c. of sodiam 
pydronide { .) for neutralisation to phenolphthalein, corresponding to presence of | carboxy! 
group in 48 C,H,,O, units. 


Meyer's Pome = oe. Chim. Acta, 1048, 31, 103) was used, a standard 
able) by treatment of the sugar (0-3—2 .) in water (3 ¢.c.) 

»§ 10%) and sodium hydroxide (1. 6x.) at 65° for 30 minutes, 
comparison with a blank in 4 “ Spekker  absorptiometer (4-cm. cell 





05 O74 0-96 1-12 . : 
0-048 118 0-195 0-360 0434 O07” io. 
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solutions of laminarin (2 <.c.; 6235%, and 0-508%,) were heated with water (1 ¢.c.) and 
with the reagents described above ving values for log 1/1, (I, of O21 and 0-70 respectively, corresponding 
to chain lengths of 12-9 and 13-¢ C, wO, units respectively. 

Periodate Oxidation of Laminarin.—(1) Determination of formic acid released. Laminarin (1-014 g.) 
was shaken in the dark with sodium metaperiodate (0-5 g.), potassium chloride (2 g.), and water (100 
¢.¢.). At intervals portions (10 c.c.) were removed after centrifuging, and titrated to methyl-sed with 
sodium hydroxide solution (0-0ln.) after destruction of periodate by the addition of ethylene glycol 
(O95 cc.) Nn Bq he dy ag QE A Ta. After application of the necessary 
corrections (Halsall, — and hae og 1399, 1427) the following titres were obtained . 7-04 c« 
I day); S26 ¢.c. (3 da 896 cc rey f 3 ; @27 c.c. (6 days); 9-40 c.c. (8 days); 977 c.c. (11 days); 
O13 «. (15 days) re a tity rap in eS >. Sor up to § days, after which the liberation of 
acid becomes slower and tically days corresponds with the liberation of 
1 mole of formic acid from 6-8 C,H,.0 units. "Laivassbaie anit adndimtioe tac 
of formic acid was liberated from 7-0 ¢.H,.0, units on two occasions. It was observed that iodine was 
released after 10-14 days, a fact always indicating over-oxidation. 


Laminaritiose (47-7 mg.. 1-4 * 10° mole) in water (25 cc.) was treated with potassium metaperiod- 
ate (03 g.) and potassium chloride (0-6 g.) at pH 8 A blank experiment was also carried out 
Portions (5 ¢.c.) were removed at intervals, eth Eee glycol (03 cc.) being added to them. After 5 
minutes, titration against sodium — (0-0ln.) to methyl-red ¢ 4-28 c.c. (1-53 moles of formic 
acid), 2 days; 657 « c. (2:35 moles), 4 days; 7-97 c.c. (2-85 moles), | wet 9-27 cc. (3-31 moles), 9 days. 
lodine was liberated after the fifth day and there was a small unbroken rise in the acid content of the 
reaction muxture 


(2) Uptake of periodate. Laminarin (01725 g.) was shaken in diffused light for 5 days with sodium 
metaperiodate (5 c.c., 0 25m.), potassium chloride (1 §) and water (5c.c.). The difference in the 
———— in comparison with a blank amounts to 00 cc of O-1N-sodium arsenite and corresponds 
© the consumption of | mole by 3-9 C,H,,0, residues 

(3) nee ane. Laminarin {2-204 g.) in water (20 c.c.) was shaken for 4 days with 
aye ny metaperiodate (1-2 g.). After ge at the centrifuge formaldehyde was determined in 
he clear solution with dimedone (Bell. 948, 992) (Found: 35-9 mg. of CH,O-dimedone complex) 
A control experiment with a solution of ormaldehyde gave 27-6 mg. of the complex before shaking with 
periodate, and 25-65 mg. after treatment as described above, corresponding to a recovery of 93%. 
After application of this correction 1 mole of formaldehyde is found to be liberated from 27 C.HyO, 
resiiues 


Thanks are expressed to the Scottish Seaweed Research Association for the su of laminarin, to 
Dr. D. J. Bell for the gift of specimens, to the Department of Scientific and Industrial Research for the 
award of a maintenance grant to one of us (J. J. C.), and to the Distillers Company Ltd. and Imperial 
Chemical Industries Limited for grants 


Kino's Bortomos, Universiry of Evinsvuscu Received, September 20th, 1950 


689. The Conversion of Sucrose into Pyridazine Derivatives. Part X. 
The Properties and Structure of 3-Methyl-6-pyridazone, | : 3-Di- 
methyl-6-pyridazone, and Some Derivatives of Pyridazine. 


By W. G. Overenp, Litian M. Turton, and L. F. Wicers 


Proof of the structure of 1 : 3-dimethy!-6-pyridazone is provided. The possible existence of 
tautomeric forms of 3-methyl-6-pyridazone has been investigated by ultra-violet and infra-red 
absorption spectra measurements. The ultra-violet absorption spectra of numerous pyridazine 
derivatives are reported 


EARLIER work in this series has been directed towards the preparation of pyridazine derivatives 
of possible use as chemotherapeutic agents. The present communication deals with the 
chemistry of 3-methy!-6-pyridazone * and 1 : 3-dimethy!-6-pyridazone,* which are important 
intermediates in these syntheses 

3-Methyl-46-pyridazone (IIla and 5) was first prepared by Poppenberg (Ber., 1901, 34, 3257) 
by the dehydrogenation of 1 : 3: 5: 6-tetrahydro-6-keto-3-methylpyridazine (II) with bromine 
in acetic acid under anhydrous conditions, and the yield was raised to practically quantitative 
level by Overend and Wiggins (/., 1947, 239). Treatment of 3-methyl-6-pyridazone (III) with 
methyl iodide and sodium methoxide afforded a product which Poppenberg designated as 1 : 3-<i- 
methy!-6-pyridazone (IV) but he adduced no evidence in support of this formulation. Since 3- 
methyl-6-pyridazone may exist in tautomeric forms (II 14 and 5) it seemed important that proof of 

s structure should be obtained. The reaction was repeated and a product clearly identical with 

* The numbering now used is shown in (V Previously these compounds were numbered as 6-methy! 
bp yndazone and 2. 6-dimethy!-3-pyridazone 
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that described by Poppenberg obtained, although the melting point is 10° higher than that 
previously reported. The same compound was also prepared by treating (111) with methyl 


cH, CH,, ANY CHy 
MeC? * 8cmO0 <—— CH COCHCH,COR —> ~ c=0 
aCe ae Se . H,CH,-CO,E a 
(Vv) al) 
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yy, 
gt 
x x 
AHO, “He 
CH, COCHBrCH,CO Rt x C0 se Me 
, ] 2E N—NH“ 
(VL) (Ile.) 


J 
uM pier. 4 a 
/ACH°CH CHeCHy 
“ <— CH yCOCHICH-CO,Et Met t 
YN-NMe* N 
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sulphate and 30%, aqusous sodium hydroxide. In addition (IV) was prepared by two alter- 
native methods which prove its structure. Ethyl levulate ([) with methylhydrazine yielded a 
liquid tetrahydroketodimethylpyridazine which by the method of preparation must possess 
the structure | | 3: 5: 6-tetrahydro-6-keto-1 : 3-dimethylpyridazine (V). Dehydrogenation with 
bromine in acetic acid under anhydrous conditions afforded the monohydrobromide of the di- 
methylpyridazone (IV) identical with that obtained from 3-methyl-6-pyridazone as above 
Secondly, ethyl $-acetylacrylate (VII) and methylhydrazine also gave (IV); this procedure pre- 
fixed the ethylene linkage in the product. Ethy! 8-acetylacrylate (VII) was obtained from ethy! 
levulate (I) by conversion into ethyl §-bromolavulate (VI) (Conrad and Guthzeit, Ber, 1884, 
17, 2285) which with one molecular proportion of sodium acetate afforded (VII) in an overall 
yield of 39°,,. the best overall yield of methods previously reported was 24%. 

3-Methy!-6-pyridazone is able to react in its tautomeric form (IT1b) and can be chlorinated 
by either phosphorus oxychloride (Poppenberg, loc. cit.; Overend and Wiggins, loc. cit.) or 
phosphorus pentachloride (Overend and Wiggins, /oc. cit.) to yield 3-chloro-6-methylpyridazine 
(VIII). Reduction of this either by hydrogen iodide and red phosphorus or by catalytic 
hydrogenation over Raney nickel gave 3-methylpyridazine. This was a basic compound which 
formed a monohydrochloride. 3-Methoxy-6-methylpyridazine (IX), isomeric with Poppenberg’s 
1: 3-dimethy!-6-pyndazone was obtained by treating 3-chloro-6-methylpyridazine witht sodium 
methoxide in methyl alcobol. It was a liquid but formed a crystalline hydrochloride; it was 
also obtained, albeit in poor yield, by the action of ethereal diazomethane on 3-methy!-6- 
pyridazone 

The chemistry of compound (II) is also complicated by the fact that it could 
undergo keto-enol, lactam-—lactim, and methylene-imine tautomeric changes. Deductions 
from chemical evidence concerning these tautomeric interconversions are difficult to make, 
because of the instabiltty of tetrahydro-6-ketopyridazine derivatives towards certain reagents, 
especially those acidic in nature. To supplement the inconclusive chemical evidence the ultra 
vwlet absorption spectra of a large number of pyridazine, 6-pyridazone, and tetrahydro-6-keto 
pyridazine derivatives have been measured 

Very little work has been carried out on the measurement of the absorption spectra of six- 
membered 1 : 2-diazine structures, being limited to that of Biquard and Grammaticakis (Budi 
Soc. chim., 1940, 7, 766) and more recently of Evans and Wiselogle (J. Amer. Chem. Soc., 1045, 
67, 6/)) who described the ultra-violet absorption spectrum of pyridazine in solution in water and 
in hexane and showed this to be affected by the solvent used. Each of these workers reported 
very few measurements and it was impossible to draw any conclusion from them regarding the 
various possible tautomeric structures. Consequently in the present communication an attempt 
has been made to systematise the ultra-violet absorption spectra data of cyclic six-membered 
1: 2-diazine derivatives. The measurements were made on a Hilger quartz spectrograph in 
aqueous or alcoholic solution. From the data listed in the Table it is clear that the absorption 
spectrum of 3-methy!--pyridazone is more akin to those of the pyridazone derivatives substi- 
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Compound. 
1.4.5: 6-Tetrahydro-6-keto-3-methyipyridazine ..... 
1. 4.6. 6-Tetrahydro-4-keto-1 : 3<dimethylpyridazine 
1.4.5 6 Tetrabydro-@ keto 3 methyl-2-pheny!l- 
pyridagine 
Acetylated 1; 4: 6 @-tetrahydro-6-beto-3-methyl- 
pytidazine ..... 
3-Methyl-6-pyridasune , 
eee monoh ydrochloride 
6 . ; 


A. 


y!-1-pheny!- 

oc hloro-1 : 3-dimethy 4-pyridazone v 
3-dimethy!-6-pyridazone ' 

4: 6-Diacetamido-| : 3-dimethy!-6-pyridazone * 

1-Hydroxymethy!-3.metby)-6-pyr one * 

Ree byl-6-pyridazone * 

1-Benzy!-3-methy! ,ereannn . 

1-Methy!-6-pyridazone 

Di-(3-methyipyridaz-6-on-] -yl)phenylmethane * BOH 

Di(pyridaz-6-on-!-yl)phenyimethane * EtOH 


. -Methy!pyridazine . : ; ‘ EtOH 
3-Amino-6-methylpyridazine H,O 


3-Amino-6- methylpyridazine monohydrochioride H,O 

3 Acetamido-6 methylpyridazine ° H,O 

3-Chioro-6 methylpyridazine . H,O 

3-Chioro-6-methylpyridazine monohydrochlonde H,O 

3-Methoxy-6-methyipyridazine EtOH 

3-Methoxy-6-methylp oe monoh ydruchloride EtOH 

3-Benzyloxy-6-methylpyridazine*® _.., E:rouH 

* Homer, Gregory, and Wiggins, 1048, 2191. * Homer, Gregory, Overend, and Wiggins, /., 

1048, 2196. * Gregory, Hills, and Wiggins, J, 1949, 1248 


tuted at position | (Sections B and C of the Table), than it is to those of the pyridazine derivatives 
(Section [). 6-Pyridazone itself also seems to behave similarly. This means that both 
6-pyridazone and 3-methy!-6-pyridazone exist normally 
to a large extent in the lactam form. On addition of 
sodium hydroxide to 3-methyl-6-pyridazone the position 
of maximum absorption moves from 2850 (c,,,, 2200) 
to 3000 a. (c,.,, 3000), that is, still nearer to that of 
most of the l-substituted 6-pyridazone derivatives and 
more removed from that of the pyridazine derivatives 
On addition of hydrochloric acid to the solution of 
the sodium derivative of 3-methyl-6-pyridazone, the 
position of maximum absorption reverts to its original 
position (2,,,, 2850 a. ¢.., 2200). Consequently it 
seems likely that 3-methyl-6-pyridazone under the 
influence of sodium hydroxide reacts in its lactam form 
to give an N-sodium derivative and not in its lactim 
form to give the salt of an enol 
4 It is unlikely that 1:4: 5: 6-tetrahydro-6-keto-3- 
0225 0-250 methyl pyridazine exists normally as lactim, since there 
Conen., g -mol. «10/100 g is little difference between its spectrum and those of 
Solution. the 1: 3-dimethy!l and the 3-methyl-I-phenyl isomer 
For this group of compounds, however, it is impossible 
to state whether enol or keto-forms are present since all are able to undergo such transformations. 
To decide this point infra-red measurements were kindly carried out for us by Dr. H. P. Koch on 
(11), (V), (TV), and (111), The results indicated that al! four compounds existed in the carbony! 
form. (V) and (IV) exhibited carbonyl absorption at 1680 and 1670 cm.~ respectively in 
carbon disulphide solution. (IT) and (IIT) were insoluble in carbon disulphide but absorbed 
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at 1670 and 1685 cm.“ respectively in chloroform solution and at Peden et Mig one 
Fi re + a gpa ee From these results it is evident that 1: 3: 5: 6- 

3-methylpyridazine exists as (II) (keto-lactam) and 3-methyl-6-pyrdazone as (Ila) atyion 
normally as (111d) although in certaim circumstances it can react in the latter form (Overend 
and Wiggins, /., 1947, 239). 

The relative insolubility and the frequency shifts in the infra-red region of the spectrum of 
3-methy]-6-pyridazone and its tetrahydro-derivative in the crystalline state appear to indicate 
dimeric complex formation esa strong hydrogen bonding (cf. Koch, /., 1949, 401). The molecular 
weight of anhydrous 3-methy!-6-pyridazone, measured in benzene solution (cryoscopic method), 
increased as the concentration of the solid in the solvent increased (see Fig.), indicating that 
association did take place (cf. Hunter, Chem. and Jnd., 1941, 32). 


EXPeRiMENTAL. 


1 : 3. Dimethyl-6-pyridasone.—(a) Anhydrous 3-methy!-6-pyridazone (2-1 g.), methyl iodide (2-71 g.), 
and sodium methoxide (1-03 g.) in dry methyl alcohol (75 c.c.) were boiled under reflux 1 hour and 
ueous was added until the solution was alkaline, then 


evaporation. The oily residue solidified on storage and, alcobol-ether, 
cubes, m. p. 50-51" (Found: C, 57-7; H, @1; N, 230. Cale. for C,H,JON,: C, 58-1; 
22-6%). 

(d) 3- HW RAE tend (0-64 tad «Bey mye he te (0-6 g.), and 30% aqueous sodium ene 
solution (0-6 c.c.) were warmed . ye ty so 
the residue made alkaline with anal sodium hydroxide solution and extracted with extract 
was dried (MgSO,) and the solvent removed by 
crystallise t recrystallised from light dpe 
m. p. 50° alone or in admixture with the + o-dunethey prepared 
was soluble in water on tO? to tas omens of O08 ©. 100 ¢.c. of solution. Other preparati 
are recorded by Homer, Gregory, and Wi (J., 1948, 2191). 1: 3-Dimethy!-6-pyridazone (0-1 g.) was 
dissolved in alcohol (5 c.c.), and dry h bromide bubbled through the solution which was cooled 
to 0". On addition of ether a solid aT and was collected. This, recrystallised from alcohol-cther, 
formed long colourless needies, m. 150°, of 1: 3-dimmethyl-6- ome mon obromide (Pound ; 
Cc, 350; H, 43. -C,H,ON, HBr uires C, 351; 44%). salt was iquescent and soon 
decomposed on exposure to ‘the eee 

1-Ethyl-3-methyl-6-pyndazone. Anhydrous 3-methy!-6-pyridazone (4-6 g.), ethyl iodide (5-0 g.), and 
sodium (0-98 g.) in dry ethyl alcohol (50 c.c.) were boiled under reflux for | oe and then evaporated to 
dryness, and the residue was extrac kA with ogee Evaporation of the extract afforded a 4 
which was distilled under atmospheric es ao (1-65 g., 20%) was collected as a colour 
liquid, b. p. 229-—230°, »™** 1.5174 (Found : C. C, 7; 74. C,H ON, requires C, 60-9; H, 7-2%) 


1-Ethy!-3-methy!-6-pyridazone (0-1 g.) was dissolved in alcohol the c.c.) and dry hydrogen chloride 
| eesape into the solution. On addition of ether a solid was tated. This, recrystallised 
rom casa -ether, formed the monohydrochloride as a dehquescent eat of indefinite m. p. (Found: Ci, 
20-0. C,H,ON, HCl requires Cl, 20-4%). 


3-Methory 6 methyl pyridazine. Py i mgt ye tp oy (2 g.) was dissolved in dry methyl 
alcohol (150 c.c.) containing sodium (5 g.). After the solution had been boiled under reflux for 2 hours 
and evaporated to dryness, excess of aqueous um hydroxide was added and the solution extracted 
with benzene. The extract was dried Oigse, and the benzene then removed, by evaporation. The 
residue distilled as a colourless liquid (0-7 S-. ae) (basic to litmus) which soon became red, b p. 210°, 

a" 1.5014 (a large t oft erial remained in the flask) (Found; N, 22:5. C,H,ON, 

requires N, 22-6%). The 3-methosy- <-mcthgipyridecine (0-1 g.) was dissolved in alcohol (5 ¢.c.) and dry 
hydrogen chloride was bubbled through the cooled solution. After evaporation to dryness «a 
crystalline Aydrochloride was obtained, which lised from absolute alcohol in large colourless plates, 
m. p. 131-132" (Pound: C, 446; H, 68. C, —— requires C, 44-6; H, 5-6%). 


Treatment of 3-M. 





. ; 
steal extaans yubees tl co mneese and this di Shee re 


215°, w™ 15010. Its b hloride had m. p. 131°, alone or in admixture with 3-methoxy-6-methy!- 
pyndazine monoh 


1: 4: 5: ©Tetrahydro-6-heto-1 : 3-dimeth yipyridasine.—Meth co reas ene ae 


20 c.c.) was cooled in ice, end sodium hydroxide (9 ¢.), 


re phe ty Den fry, 
to dryness and the 


‘l0r 
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Treatment of 1 4-5 6 Tetrahydro-6-heto-| ; 3-dimethylpyridazine with Bromine.-A solution of the 
ketone (0-04 g.) in glacial acetic acid (10 ¢.c.) was warmed and bromine (2-38 g. ptonty ogee bydr ae 
teomude was evolved. The solution was allowed to cool and thene ed to 
recrystallised trom acetic acid-ether formed colouriess needles ( 7 g.. 43-7%). m. p i daaies 
admixtare with | Ser oak The, hvd omide (Found: C, 350; H, 45. Cale. for 
C, HON, Hi. C, 31; H, 44 The uct ‘e 0-47 g.) was dissolved in water (7-5 c.c.) and the 
solution warmed for 15 minutes. After it was neutralised with barium carbonate and filtered 
The filtrate was extracted with benzene and the extract dried (MgSO,). After removal of the solvent, the 
liquid residue was distilled under diminished pressure. The distillate (0-13 g., 64%) solidified on cooling 
to « white solid of m. p. 0” alone or in admiature with | : 3-dimethy!-6-pyr me (Found : C, 57-7; H, 
#1, N. 230. Cale. for C,HJON,: C, 681; H, 64; N, 22-6%). 

Condensation of Ethyl 8 Acetylacrylate with Methyihydranne.-—Ethy| B-acetylacrylate (see below) 
(5-4 g.) was added to a solution of methylhydrazine sulphate (5-4 g.) in aqueous sodium hydroxide (1 mol., 
3). Sufficient alcohol was added to make the mixture homogeneous, and the solution boiled under 
reflux for | hour. It was then filtered and the filtrate evaporated to dryness. The residue was made 
alkaline with sodiom hydroxide and extracted with benzene. The extract was dried (MgSO,) and evapor- 
ated to an oi] which crystallised. It was 1. 3-dimethy!l-6-pyridazone (0-8 g., 17%) and showed m. p. 30° 
alone or on admixture with an authentic specimen 


Acetylation of 1 4:5: 6- Tetrahydro-6-heto-3-methylpyridasne.— Anhydrous ketone (2-45 g.), fused and 
wiered sodium acetate, and acetic anhydride (20 c.c.) were boiled together under reflux for 0-5 hour. 
he mixture was allowed to cool and poured into water. The solution was neutralised with sodium 
bydrogen carbonate and extracted with chloroform, the extract dried (MgSO,), and the solvent removed 
by distillation. The syrupy residue distilled as a colourless oil (1:72 g.) at 160° (bath-temp.) /0-005 mm 
and showed »™* 1.5084. This was probably 1 : 2«liacetyltetrahydro-3-keto-6-methylpyridazine 
(Found: ©, 552; H,66. Cale. for C,H,,f NY C, 55-1; H, 62%). It showed no selective absorption 
in the ultra-violet above A 2300 a. (¢, 23 6 mg. %, in water or dilute alkali). 


Treatment of 1:4°5.6- Seccasteste uns S-methylpyridasine with Diazomethane.—-1 4 5 . 6-Tetra- 
hydro-6-keto-3-methylpyridazine monohydrate (12 g.) was dehydrated by heating it at 100° under 
diminished pressure 4hours. It was dissolved in dry methyl alcohol (#)c.c.), the solution cooled to 
0", diazomethane (1 mol.) in ether added, and the mixture kept overnight. No reaction occurred. On 
evaporation of the solvents unchanged ketone monohydrate, m. p. 82°, was recovered in quantitative yield, 
after recrystallisation from water. 


3- Mthylpyvidazine.—(a) 3-Chloro-6-methylpyridazine (2-22 g.), red phosphorus (1-11 g.), and hydriodic 
acid (11-1 ¢.c.) were intimately-fhixed and the mixture boiled under reflux for 1-25 hours. Hot water 
was added and the mixture was filtered with charcoal. The filtrate was evaporated to dryness, aqueous 
potassium hydroxide added until the mixture was alkaline, and the solution extracted withether. After 
removal of the ether, 3-methylpyridazine distilled as a pale yellow liquid (1-02 g., 63%), b — 
(decomp.), 190° (bath-temp,)/15 mm. Decomposition was reduced by distillation in an atmosphere of 
nitrogen 


(6) 3-Chloro-6-methylpyridazine (1-82 g_) was dissolved in absolute alcohol (20 c.c.) and 1? 
at room temperature over a Raney nickel catalyst (32 c.c. of hydrogen were absorbed at N.T There- 
after the solution was filtered and evaporated to dryness. The presence of ionised chlorine was conhenes 
in the residue. To this, excess of aqueous potassium hydroxide was added. An oil separated which 
was extracted with ether. The extract was dried (MgSO,) and filtered and the solvent evaporated off 
Ether was added to the semi-solid product and the mixture filtered. The ether-insoluble residue 
recrystallised from light petroleum in colourless needles (1-2 g.), m. p. 58° alone or on admixture with 
3-chiore-6-methylpyridazine. The ethereal extract was evaporated to dryness and the residue of 
3-methylpvridazine, distilled, forming a colourless liquid (0-35 g.), b. 214°, darkening on exposure to 
light. Some of the distillate (9-1! g.) was dissolved in absolute ethyl alcohol, and dry hydrogen chloride 
was bubbled through the solution. Solid 3-methylpyridarine monohydrochloride rated which, after 
recrystallisation from alcohol-ether, had m. p. 184° (Found: C, 45-9; H, 5-6; Ci, 26-8. C,H,N, HC) 
requires C, 45-9; H, 53; Cl, 27-2%) 


8-Bromolavulic Acid.—A solution of lavulic acid (40 g.) in concentrated hydrochloric acid (d 1-16 
140 c.c.) was cooled to 0° and bromine (17-2 c.c.) slowly added with stirring during 3 hours. Thereafter 
the solution was poured into water (700 «.c.), filtered from a small amount of libromolavulic acid 
(m. p. 114"), and then extracted with ether The ethereal extract was dried (MgSO,) and the solvent 
removed by distillation. The yellow syrup could not be induced to crystallise and distilled as a very 

yellow liquid at 180°/0-02 mm it had n** 1-4842. On cooling, the distillate crystallised and 
wmed fine white needles, m. p. 53 carbon disulphide. The residue in the distillation flask, 
recrystallised from light petroleum, formed white needles, m. p. 114°, and was 83-dibromolevulic acid 
When the experiment was carried out at higher temperatures somewhat greater yields of 88-dibromo- 
laevulic acid were obtained. The results are summarised in the following table. 





Temp. of bromination 
8-Bromolevulic acid, % 
Dibromolavulic acid, % 


B-Chlorolavulse Acid.—Chiorine was bubbled through a solution of levulic acid (19-31 g.) in concen- 
trated hydrochloric acid (¢ 1-16; 66-6¢.c.) at 0° until the theoretical gain in weight (6 g.) taken place. 
The solution was then poured into water, the aqueous solution extracted with ether, and the ethereal 
extract dried (MgSO,). After removal of the solvent a light yellow oil remained. This was distilled 
and collected in two fractions a pale straw coloured oi! (20 g.. 794%), b. p. 123-5—127°/0-045 mm., 
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«” 1.4583, 8<hiorolavulic acid ; and pertentnaty (1-9 g., @1%), b. p. 150°/0-645 mm. a 1.4608, 


which crystallised and had m. p. 77 ture with jt-di hlorolavulic acid (cf. Setesl, 
Annaien, 1888, 248, 200) 


B- Acetylacrylsc Acad. —(a) 8-Bromolaevulic acid (112-8 g ), freshly fused and powdered sodium acetate 
(% ¢.), and glacial acetic acid (250 c.c.) were boiled together under reflux for th hour. The solution was 
poured into water (1!) and the whole evaporated to dryness. The residue was acidified with hydrochloric 
acid and extracted with ether. The extract was dried (MgSO,) and the solvent removed. The » 
residue crystallised and, recrystallised from light petroleum, formed colourless needles of S-acetylacry’ 
acid m. p. 1256—126° (56-9 g., 86%) 

(6) 8-Bromolevulic acid (9-23 g.) was boiled with water (50 c.<.) for | hour. Aqueous silver nitrate 
was added and the silver bromide removed by filtration. The Gitrate was extracted with ether, the 
extract dried (CaCl,), and the solvent evaporated. The resulting semicrystalline mass, after being 


pressed on porous tile and recrystallised from light petroleum, had m. p. 126° alone or on admixture with 
authentic S-acetylacrylic acid 


(c) B-Chiorolavulic acid (12-23 g.), freshly fused and powdered sodium acetate (12-23 g.), and glacial 
acetic acid (17-3 c.c.) were heated together at 100° for 40 minutes and the product was poured into water 
(1Mc.c.). Acetylacrylic acid (6,22 g., 67-29%) isolated as above was obtained as colour needles, m. p 
126° 

Ethyl §-Bromolavuiate.—-Ethy! levulate (58-33 g.) in ether (100 c.c.) was cooled to 0° and bromine 
(10-5 c.c.) added wy ise during 3 hours with stirring. The pale yellow liquid was washed with water 
(4 times) and dned (MgSO,). Evaporation of the ether gave ethy! 6-brom: ulate (58-7 ¢., 65%) asa 
pale yellow syrupy liquid. This was used without further purification 


Ethyl 8-Acetylacrylate.—({a) This was in poor yield (24%) from g-acetylacrylic acid according 
to the method of Wolff (Awnalen, 1891, 247) and was as a colourless liquid which became 
red on storage; it showed b. p. 200-—205°/760 mm., 110°/0-10 mm. The yield could be much improved 
(to 70%) by distilling the substance in the presence ‘of quinol 


(6) Ethy! 8-bromolevulate (58-7 g.), fused sodium acetate (21-6 g.), and glacial acetic acid (15-8 g¢.) 
were heated together at 100° for 30 minutes. On pouring the product into water a red oil separated 
This was washed with dilute aqueous sodium carbonate and extracted with ether. The extract was dried 
(MgSO,) and the solvent removed by evaporation. Ethy! f-acetylacrylate (22 g.. 70%) was yn 
a pale yellow liquid, b 110°/0-1 mm., after being distilled in the presence of quinol (0-5 g.) (pheny! 
hydrazone, m. p. 116-117"). Wolff (loc. cit.) ) quotes b. p. 206° for this compound and descr it asa 
red oil. 


The authors thank Dr. H. P. Koch for determining the infra-red absorption spectra and the Colonia! 
Products Research Counci! for their support during this investigation 
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690. The Conversion of Sucrose into Pyridazine Derivatives. Part XI. 
The Ultra-violet Absorption Spectra of Substituted 1-Phenyl-6-pyrid- 
azones and Related Substances. 


By W. G. Overenp, Litan M. Turton, and L. F. Wiccins 


The ultra-violet absorption spectra of a number of derivatives of 3-methy!-1-phenyi-6- 
pyridazone are reported and the results discussed. Several new compounds of this class of 
compound are prepared 


Iw Parts I and II of this series (J., 1947, 239, 549) the preparation of sulphonamides derived from 
6-amino-3-methylpyridazine and 5-amino-3-methy!l-l-phenyl-6-pyridazone and of numerous 
intermediates involved in their synthesis from lavulic acid was described. The preceding paper 
discussed the ultra-violet absorption spectra of numerous derivatives of 3-methylpyridazine and 
of 3-methyl-6-pyridazone. In this communication the corresponding data on derivatives of 
3-methy!-1-pheny!-6-pyridazone are described. 5-Ethoxy-3-methyl-1-phenyl-46-pyndazone was 
obtained from the corresponding 4-chloro-derivative (Overend and Wiggins, /., 1947, 549) and 
ethyl alcoholic potassium hydroxide and gave 5-hydroxy-3-methyl-1-pheny!-6-pyridazone by 
hydrolysis. 5-Ethoxy-3-methyl-1-p-nitrophenyl-6-pyridazone was obtained similarly and by 
nitration of 5-ethoxy-3-methyl-1- -pheny!l-6-pyridazone. 1-p-Bromopheny!-3-methy!-6-pynd- 
azone was obtained from 1: 4: 5 : 6-tetrahydro-6-keto-3-methyl-l-phenylpyridazine (Overend 
and Wiggins, loc. cit.), treatment with bromine effecting both substitution and dehydrogenation 
Bromination of 3-methyl-l-phenyl-6-pyridazone gave the same compound, which was also 
obtained, in poor yield, by the cyclisation of the p-bromophenylhydrazone of §-acetylacrylic acid 

3-Methyl-6-pyridazone (I; R = H) exhibits strong absorption with maximum intensity at 
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2850 a. (c,,, c@. 2000); the maximum is displaced to 3010 a. (c,,,. ca. 3000) by alkali (see pre- 
ceding paper), this band being more sharply defined than that shown by (I; R = H) in neutral 
solution. 1: 3-Dimethyl-6-pyridazone (1; R =< Me) has a very similar absorption band with 
peak at 3010 a. (c,,, ca. 2600), so that absorption at about 3000 a. (c,,, 2500—3000) can be 
considered as characteristic of the system (I). 3-Methyl-l1-phenyl-6-pyridazone (1; RK = Ph) 
shows maximum absorption at 3130 a. (e,.,, ca. 6600), ie. very near to that of (I; R = H or 
Me). 


CH=CH 
4 aie 

co il) 
N— NR 


In speculating as to the particular electronic transition most likely to be responsible for the 
afore-mentioned spectra we consider the change (1) == (II) as the most likely. In (I; R = Ph) 
particularly the probability of this is high. The similarity of the spectra of (1; R =< H, Me, or 
Ph) shows that the same electronic transition is operating in all these compounds. When 
R = Ph, the absorption bands due to the pheny! residue are masked by the more intense 
absorption of the heterocyclic ring. 

Table I presents the absorption data for six derivatives of 3-methyl-1-phenyl-6- 
pyridazone, differently substituted at position 5. In all of these compounds the absorption is of 
maximum intensity at approximately 3000 a. with «,,, ca. 6000. [The slight deviation for 
5-hydroxy-3-methyl!-1-pheny!-6-pyridazone is considered to be due to solvent effects in 
chloroform (cf. Evans and Wiselogle, ]. Amer. Chem. Soc., 1945, 67, 60).) 


Taste I. 


6-Pyridazone derivative. %- Solvent. 
3-Methyl-I-phenyl- .... ‘ EtOH 
&-Chioro-3-methy!-1- -pheny!- : ose EtOH 
5-Ethoxy-3-methyi-1-phenyl- soe . EtOH 
5-Amino-3-methy!-1-phenyl- , , sesseee . . EtOH 
5- Acetamido-3-methy!-l-pheny! , evces CHC, 
5-Hydroxy-3-methy!-1-phenyl- - vonecavuen 5 CHCL 
1-p-Bromopheny!-3-methy! d EtoH 3150 


When a bromine atom is introduced into the para-position of the phenyl residue there is a 
very slight increase in both the wave-length of maximum absorption and in the intensity (see 
Table I). The same effect is observed for benzene and bromobenzene (i,,, 2590 a., ¢,,, ca. 200, 
and A... 2640 a. «,,, oa. 300, respectively). If in 3-methyl-1l-phenyl-6-pyridazone and its 
5-chloro-, 5-ethoxy-, 5-amino-, and 5-acetamido-derivatives the phenyl residue is substituted in 
the para-position by a nitro-group, the position of maximum absorption is displaced towards the 
visible region of the spectrum and the intensity is also increased (see Table 11) (for the chloro- 
compound a band at a lower wave-length, absent in the other derivatives, became measurable). 


Taste Il 
Concn., 

6-Pyridazone derivative mg. % Solvent. 
3-Methyi-1-p-nitrophenyl-. 363 EtOH 
5-Chioro-3-methy!-1-p-nitrophenyl- 3-10 Eton { 
5-Ethoxy-3-methyl-1-p ans 304 EtOH 
5- Amino-3-methy!-1-p-aitropheny! 260 EtOH 
5- Acetamido-3-methyl-1-p-nitropheny! 2-66 EtOH 


The absorption spectra were also measured of the reduced derivatives, 1 : 4: 5 : 6-tetrahydro- 
6-keto-3-methyl-1-pheny!- and 3-methyl-1-p-nitrophenylpyridazine. The former in alcohol solu- 
tion showed maximum absorption of light at 2370 a. (c,,,. 11,000) and the latter at 3220 a. (c,.. 
7400). The spectrum of the latter compound undergoes a remarkable change when its solution is 
made alkaline, absorption occurring in the visible region (¢.¢., Aga. 3920 and 5020 a., c,,, 10,900 
and 11,600 respectively). Neither 3-methyl-1-phenyl-6-pyridazone nor its tetrahydro-derivative 
shows such a change. The change may be due to 1: 4: 5: 6-tetrahydro-6-keto-3-methyl-1- 
p-nitrophenylpyridazine being partly converted into levulic acid p-nitrophenylhydrazone 
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(Fischer and Ach, Annalen, 1889, 258, 57). Trial experiments showed that potassium hevulate 
hydrazone was formed when 1:4: 5: 


potassium hydroxide. The absorption 
both neutral and alkaline solution is shown in the figure. 


Absorption spectra. 














AA 


1, 3-Methyl-l-p-w henyl-6-pyridazimone ic, | 1% mg. % in EtOH). 
Il, as 1, bud im EtOH + O1 ¢.c. of be-NaOH 

Ill, Levwulic acid e -nitrophenylaydrazone (c, Some. % in EtOH). 
IV, as IIL, but in EtOH + O1 cc. of Se-NaOH per i 


It is of some importance to account for the difference in the absorption spectrum of 1 : 4: 5: 6- 
tetrahydro-6-keto-3-methyl-l-phenylpyridazine and that of the dehydrogenated product 
3-methy!l-1-phenyl-6-pyridazone. The former shows a maximum absorption at 2370 a. («,.,. 
11,000) and in this respect is very similar to levulic acid phenylhydrazone, whereas the latter 
absorbs most strongly at 3130 a. (c,,, 6500). These values may be indicative of the change 
from a phenylhydrazone of levulic acid cyclised by no more than a lactam linkage into a 
resonance-stabilised heterocyclic system. This increase in stability (resonance) of 3-methyl- 
1-phenyl-6-pyridazone is demonstrated by the shift of the absorption band of 1:4: 5: 6- 
tetrahydro-6-keto-3-methy]-1-pheny!pyridazine from 2370 a. to longer wave-lengths. Simultane- 
ously a lowering in the intensity of the absorption occurs, a change which generally takes place 
when the resonance of an absorbing system is increased. This effect is masked in the case of 
3-methy!-1-p-nitrophenyl-6-pyridazone and the corresponding tetrahydro-derivative by the 
powerfully absorbing nitro-group, but even in this case there is a slight increase in the wave- 
length of maximum absorption on passing from the tetrahydro-6-ketopyridazine to the 
6-pyridazone derivative, although the intensity change does not follow the normal course. 


EXPERIMENTAL, 


me... 3-methyl-1 ike -6-pyridazone.—-To 5-chioro-3-methyl-1-phenyl (0-44 «£.) 
Se Ses , 1947, 549) in ethy! alcohol (5 c.c.), potassium hy (1 mol., 0-12 g.), also 

(Sc.c. ). was added and the whole was heated under reflux for 0-5 hour, solid potassium 

re pene separating. The solution was evaporated to dryness and the residue extracted with water to 


remove 388%) mp a The ethory-derivative, Seen ie ca . formed colourless plates 
16 ¢ hy p. 144—145° (Found: C, 67-3 , 63; N, 17. Cyl, ON, requires C, 67-7; 


, 61; N12 
cask (o0/e0-) were hanted eaguatar te e nanbea tube of 190° tor 6 booms tena 
evaporated to os 


hydrochloric acid and recrystallised from 
m. p. 200° (Pound ; C, 649; H,54. C,H 


B Ethory Smathy 1 p-ndrepewrl 6 frrdanoer —() SS eT eee 
(0-47 g.) was dissolved in alcohol (30 c.c.), and hydroxide (1 mol., 01 g.) mixture 
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was heated nies See Se OT Dar ane See aapented t Cane, The inorganic material was ex- 
tracted with water and the residue recrystallised from aqueous alcohol, yellow crystals (0-35 ¢.. 
ae of the 6-ethory-derivative, m. p. 138° (Found: C, 56-4; H, 47. wO,%, requires C, 56-7; 

48%) 

(6) 56-Ethoxy-3-methy!l-i-pheny! (0-045 g.) was added to fuming nitric acid (10 cx 
cooled to 0". mixture was left at 0° for 1 ae Ee ees water, and the uct extracted 
with benzene. After being dried, the solvent was removed by evaporation and the residual syrup 
induced to crystallise. After recrystallisation from aqueous alcohol, the product had m. p. 137-138" 
alone or on admixture with the above specimen. The yield was quantitative. 

l-p- Br yl 3-methyl idasone —(a) A solution of 1:4:5.: 6tetrahydro-6-keto-3-metby!- 

syndeains 0g) in acetic acid (50 c.c.) was cooled to 0° and bromine (2-06 c.c.) slowly 
ae -6-pyridazone which separated was washed with glacial acetic acid 
rystal aqueous acetic acid as flocculeat white needles, m. p. 72—7 “Pound : C, 49-7 

H, 39. C,,HJON,Br requires C, 49-6; H, 3-4%) 

(6) To 6-methyl-2-pheny!-3-pyridazone (3-0 g.) in dry acetic acid (20 c.c.), bromine (0-84 c.c.) was 
slowly added at room temperature. After evaporation, the residue distilled at 199-—200° (bath-temp | 
0-005 mm., an a colourless syrup, »™* 1.6109. The bromo-derivative, recrystallised first from aqueous 
alcohol and then from light petroleum, formed colourless cubes, m. p. 73-74". Its alcoholic solution 
exhibited a green fluorescence in ultra-violet light. 

B-Acetylacrylic Acid p-Bromophenylhydraszone.—B-Acetylacrylic acid (20 g.) in water (7 c.c.) was 
mixed with p-bromophenythydrazine (3-3 g.) in glacial acetic acid (10 c.c.), and sufficient alcohol added 
to make the mixture homogeneous The’ mixture was then warmed. On cooling, B-acetylacrylic acid 
mar ys vihbydrazone (44 fi’ 58%) ee crystallised from aqueous alcohol, this had m. p 

(Pound : C, 463; H,4 “yy H,,O,N, Br requires C, 46-6; H, 3-9%) 

Cyelisation of B-Acetylacrylic Acid p-Bromophenylhydrazone.-The above hydrazone (5-0 g.) was 
heated at 120° under diminished pressure for 2 hours. After being cooled the solid recrystallised 
from light -- .mee in colourless cubes. It was 2-p-bromopheny!-6-methy!-3-pyridazone (1-47 g., 32%). 
m.p. 73 

Treatment of 1. 4:5 6-Tetrahydro-6-heto-3-methylpyridazine with Potassium Hydroxide.—-When the 
anhydrous ketone (2 g.) and potassium hydroxide (2 .) in alcohol (10c.c.) were kept overnight, a thick mat 
of needies separated. These were collected (2-1 g.) as very deliquescent crystals of indefinite m. p., which 
contained nitrogen and um. They were probably potassium levulate hydrazone (Found: K, 
23-7. Cale. for rc,H,ON, K: K, 23-2%) 


The authors are grateful to the Colonial Products Research Council for their support during this 
investigation 
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691. The Conversion of Sucrose into Pyridazine Derivatives. Part 
XII. The Stability of Tetrahydro-6-ketopyridazine and 6-Pyridazone 
Derivatives towards Acidic Reagents. 

By W. G. Overenp and L. F. Wicorns. 


Unlike derivatives of 6-pyridazone which are stable to acids, those of tetrahydro-6-keto- 
pyridazine are decomposed. The stabilities of some salts of derivatives of 3-methylpyridazine 
and 3-methy!-6-pyridazone are discussed 


DuRine the preparation of many derivatives of tetrahydro-6-ketopyridazine and 6-pyridazone 
(Wiggins ef al, /., 1047, 239, 549, 1948, 2191, 2105, 2100; 1949, 1248) we have noticed well- 
defined differences in the behaviour towards acids of these two classes of compound. Curtius (J 
fr. Chem, 1894, 50, 522) and Wolff (Annalen, 1912, 394, 98) have referred to the acir-lability 
of 1:4: 5: 6-tetrahydro-6-keto-3-methylpyridazine and von Rothenburg (J. pr. Chem., 1895, 51, 
140) has drawn attention to the difference between pyrazolones and tetrahydropyridazones; the 
former are stable to acids and the latter unstable. More recently the acid-lability of derivatives 
of 1:4: 5: 6-tetrahydro-6-keto-3-methypyridazine substituted at position 5 by alkyl groups 
has been used to prepare a-alkyl-substituted levulic acids in good yields (Gault and Salomon, 
Ann. Chim., 1928, 2, 133; Compt. rend, 1922, 175, 274). However, Paal and Koch (Ber., 1904, 
37, 4382) state that pyridazines, when completely reduced, are stable to acids and will form 
mono-salts 

During the dehydrogenation, with bromine, of 1:4: 5: 6-tetrahydro-6-keto-3-methyl- 
pyridazine (1; K = H) to 3-methyl-6-pyridazone (II; RK = H) a troublesome side-reaction was 
encountered owing to the lability of the former to acids. The hydrogen bromide formed during 
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the reaction resulted in some decomposition of (1), to give hydrazine hydrobromide and levulic 
acid brominated in the §- and the 8-position (Overend and Wiggins, /.. 1947, 239). 


CH,—-CH, 
\ bn aemmes (if R = H) 


z (CHyNIPNH, 2HX (if R = Me) 
N—-NR (X = Br or Ch 


Mec” c=0 


N,H.2HBr + CH,BrCOCHBrCH,COn 


HC) of =. CHy(-CHyCH,CO,Et 
in Fron N-NHR 
(mt) 


The action of acids on tetrahydro-6-ketopyridazines was therefore further investigated. It was 
confirmed that treatment of 1 : 4: 5 : 6-tetrahydro-6-keto-3-methylpyridazine (I; R « H) with 
hydrogen bromide resulted in the formation of hydrazine hydrobromide, both carbon-nitrogen 
linkages being broken. Similarly use of hydrogen chloride led to hydrazine hydrochloride. It 
was shown that in ethyl alcohol solution containing 10%, 5%, or 2% of hydrogen chloride such 
cleavage of the 1: 4: 5 : 6-tetrahydro-6-ketopyridazine ring occurred, but that, if the concentra- 
tion of hydrogen chloride was reduced to 01%, then (I; R = H) could be recovered unchanged. 
Treatment of (1; R = H) with chlorine also gave hydrazine hydrochloride in good yield, probably 
because of the hydrogen chloride usually present in commercial chlorine. When 1: 4: 5: 6-tetra- 
hydro-6-keto-1 : 3-dimethylpyridazine (1; R = Me) was treated with hydrogen chloride the 
reaction followed the same course, both carbon-nitrogen linkages being broken and methy!l- 
hydrazine hydrochloride formed. However, with either 1 : 4: 5: 6-tetrahydro-6-keto-3-methyl-1- 
phenylpyridazine (I; R = Ph) or 1: 4; 5: 6-tetrahydro-6-keto-3-methyl-1-p-nitrophenylpyrid- 
azine (1; R = ¢-NO,yC,H,) in ethy! alcohol, only the carbon—nitrogen single bond is cleaved and 
ethyl Levulate phenylhydrazone (II11; R = Ph) and -nitrophenylhydrazone (III; RK = p- 
NO,C,H,) can be isolated. It is interesting that when ethy! lavulate is treated with hydrazine 
hydrate or a monoalkylhydrazine the corresponding 1: 4° 5: 6-tetrahydro-6-ketopyridazine 
derivative is formed directly without isolation of an intermediate hydrazone. If phenyl- 
hydrazine or a substituted phenylhydrazine is used, the corresponding phenylhydrazone of 
ethy! lavulate is obtained, and this must be subsequently cyclised in order to give the six- 
membered cyclic diazine (cf. Overend and Wiggins, loc. cit.; ]., 1047, 549). In the latter case 
therefore the carbon—nitrogen linkages in the heterocyclic compound are formed in two stages 
Acid treatment of the heterocyclic compounds show that, where these bonds are formed in 
stages, they can be cleaved likewise, and the last linkage to be made is the first to be broken 

Curtius (J. pr. Chem., 1894, 50, 3212) claimed that treatment of 1 : 4: 5 : 6-tetrahydro-6-keto- 
3-methy!lpyridazine with nitrous acid and concentrated sulphuric acid yielded 1 : 4: 5 : 6-tetra- 
hydro-6-keto-3-methy!-5-oximinopyridazine, but reported neither the melting point nor 
analytical data for the compound. Exact repetition of this experiment gave a product 
agreeing with Curtius'’s description, but shown to be hydrazine sulphate. Clearly the acidic 
treatment had resulted, as expected, in scission of both the carbon-nitrogen linkages in the 
diazine ring 

Although derivatives of 1:4: 6: 6-tetrahydro-6-ketopyridazine are unstable to acidic 
reagents those of its dehydrogenated product, 6-pyridazone, are stable and in general form salts. 
However, the stalulity of these salts varies with the nature of the substituents in the heterocyclic 
ring. The preparation of salts of this type has been described already, usually when the 
synthesis of the parent base was outlined (Wiggins ¢f al., loc. cif.), but we now report a systematic 
summary of their properties 

The hydrochloride of 3-methylpyridazine underwent decomposition on 
whereas 3-methy]-6-pyridazone formed a fairly stable mono-hydrochloride and Peer Beceen 
(Overend and Wiggins, J., 1947, 239) although these are hydrolysed in aqueous solution. 
Contrary to reports by Poppenberg (Ber., 1901, pole Aaticaah saped ye deine eer eA 
pyridazine forms a stable mono-hydrochloride and -hydrobromide and also a platinichloride 
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(Overend and Wiggins, loc. cit.); these are highly coloured. Both 3-amino-6-methylpyridazine 
and its acetyl derivative form only mono-salts; those of the former are stable in aqueous 
solution, but the hydrochloride and hydrobromide of the latter are easily hydrolysed. It 
might be expected that 3-amino-6-methylpyridazine would form a di-salt. However, it is 
probable that the resonating pyridazine nucleus reduces the basicity of the amino-group to 
such an extent that it does not form stable salts. 1: 3-Dunethyl- and 1-ethyl-3-methyl-6- 

and 3-methoxy-6-methylpyridazine each form a monohydrochloride and a mono- 
hydrobromide (Overend, Turton, and Wiggins, J., 1950, 3505), none of them stable on prolonged 
exposure to the atmosphere. The presence of an electron-attracting group in the molecule 
tends to suppress salt formation. For example, whereas 3-methy!-6-pyridazone forms a stable 
salt, 3-methyl-l-phenyl-é-pyridazone forms an unstable monohydrochloride, and neither 
6-chloro-3-methyl-l-phenyl-6-pynidazone nor 3-methyl-1-p-nitrophenyl-6-pyridazone forms 
salts. This is further exemplified by the case of 4-amino-6-methy!-2-pheny!-3-pyridazone and 
the I-p-nitrophenyl analogue : the former forms a salt whereas the latter does not. 

From this account it is clear that pyridazine and 6-pyridazone derivatives are mono-acid 
bases (cf Gabriel and Colman, Ber., 1899, 32, 395) (this is so even for a symmetrical structure, 
since Paal and Koch, Pev., 1904, 87, 4382, state that 3: 6-dimethylpyridazine forms only 
mono-salts) unless salt-formation is inhibited by a strongly electron-attracting group. These 
facts are in agreement with recent work on benzodiazines 


EXPERIMENTAL. 


Treatment of 1.4. 5. 6-T etrahydro-6-heto-3-methyipyridasime with Hydrogen Haiides.—(a) | Rant ase 
bromide, The anhydrous ketone (0-1 i) in ethyl alcohol (5 c.c.) was cooled to 0°. 


gen bromide was passed through the solution, which became warm. Hydrazine Mydsobecentte which 
separated crystallised from glacial acetic acid as a fine white powder which was water-soluble but lubl 
in ether and had m. p. 202° (Pound: N, 142; Br, 820. Calc. for N,H,2HBr: N, 14-4; Br, 82-4%). 
Curtius (Ber,, 1887, 80, 1632) gives m. p. 195". 


(b) Hydrogen chloride, A similar experiment was carried out replacing hydrogen bromide by dry 
=p bod chloride. The solid which separated secrystallised from aqueous alcohol in white prisms, 
3-—203-5", alone or on admixture with hydrazine hydrochloride (Curtius, Joc. cst., reports m. p. 

198") ) 


(ce) Anhydrous 1:4. 5; 6-tetrahydro-6-keto-3-methylipyridazine (2-0 g.) was dissolved in alcohol 
(20 ¢.c.) containing 10% of a chloride. A white solid slowly separated. It was collected and 
shown to be hydrazine hydrochloride, m. p. 203°. The experiment was repeated with alcohol containing 
6%. 2%, and 01% of hydrogen chloride severally. Except in the last case, when 1: 4: 5: 6-tetra- 
hydro-6 keto 3 methyipyridasine was was recovered unchanged (m. p. 82° after recrystallisation from water), 
hydrazine hydrochior 


Treatment of 1:4 > 5: 6-Tetrahydro-6-Aeto-3-methylpynidarnne with Commercial Chlorine.(a) Com- 
mercial chlorine was bubbled through a solution of 1.4. 5: 6-tetrahydro-6-keto-3-methyipyrndazine 
monohydrate (1-14 g.) in acetic acid (10 c.c.) until 1-24 g. had been absorbed. The mixture became hot 
and assumed a transient pink colour. On cooling, a solid separated and was collected. After being washed 
with hot acetic acid, this solid (0-61 g., 56%) had m. p. 201203", alone or on admixture with hydrazine 
bydrochionde (Fouad a. = 2. Cale. for N,H,2HC!: Ci, 67-6%). Concentration of the filtrate gave 
a syrup which decomp ttempted distillation. 


(6) The ketone monohydrate (7 g.) was dehydrated at 120°/12 mm. for 1-5 hours and then 
dissolved in glacial acetic acid (0 ¢.c.). The solution was cooled to 0° and dry commercial chiorine 
(3-8 g.) was passed into it. After the addition of ether and storage, a white crystalline solid separated 
and was collected. Recrystallisation from alcohol-ether gave hydrazine hydrochloride (4-1 g., 73%), 
m. p. 203° 


Treatment of 1:4. 5: 6 Tetrahydro-6-heto-3-methylpyridasine with Sulphuric Acid (cf. Curtius, J. pr. 
Chem... 1894, 66, 3213).— Nitrous anhydride was bubbled through a solution of the ketone (1-99 g.) in water 
(10 ¢.c.), to form nitrous acid os sifu. No material separated, and so concentrated sulphuric acid (5 drops) 
was added. Next morning a solid which had separated was collected. Recrystallisation from aqueous 
alcohol gave shining white plates (0-74 g., 32-29%) of hydrazine sulphate, m. p. 263°, alone or on admixture 
with an authentic specimen 


Treatment of 1.4.5: 6 Tetrabydro-6-heto-1 : 3-dimethylpyridazine with Hydrogen Chloride.—Dry 
hydrogen chloride was bubbled through a solution of the ketone (0-1 g.) in alcohol (2 c.c.). a par 
azine hydrochloride which separated recrystallised — alcohol as colourless , m. 
or on admixture with an authentic sample (Found , 10-1; H, 69. Cale. for CH,N, 2 ca ~ 10-1. 
H, 67%) 


nae of 1:4. 5: 6 Tetrahydro-6-heto-3-methyl-|-phenyipyridazine with Hydrogen Chloride.—The 
ketone (0-1 g.) in absolute alcohol (5 c.c.) was treated with dry hydrogen chloride. No solid 
even after addition of ether. The solvent was evaporated and an oily solid remained is was 
separated by crystallisation from aqueous alcohol into unchanged ketone, m. p. 107°, and ethy! lavulate 
phenythydrazone, m. p. 103°. In addition an unidentified oi! was isolated. 








land 
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Treatment of 1 4 5 6 Trtrahydro-6 beto-3-methyl-1-p-mttrophenyipynidarine mth Hydrogen Chlonde — 
The detese (52 6) te chuhel Bes) wo Gated Hit bydnges Bintee The solution was then 
evaporated to The ressdee, ee Sea Oe aneS eee, SNES AES SAREE, OO 
187,” clone ce on admature with ethy! lave p itropheny iby prepar fod 

A ot » b di hie a) in tledied th ond en on chaetin eaten Bend 
of ethy! levulate (01 g.) was warmed and on cooling vdresone 


pwitrophenylh 
tative . orange needles (from aqueous ), m. p. 187° (Found: C, 559; H, 64; 
Wt Cy watts requires C, 55-0; H, @1;, N, 150%) 


The authors are grateful to the Colonial Products Research Council for their support 
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692. Potential Trypanocides of the N-Heterocyclic Series. Part V. 
Structural Conditions for Activity against Trypanosoma cruzi in the 
Phenanthridine Series. 

By L. P. Watts 


Hitherto the most effective phenanthndinium salt for the treatment of Trypanosoma crus 
mfection in mace had been 2-amino-}-p-carbethoxyamino- 10-methy! thridimam bromide 
An att t to obtain this compound from 2: 4’-diamino-4-nit: yi(l; R = NH, failed, 
bet the 7-methoxy-derivative was obtained. By an analogous process the monourethane 
(I; RK « NH-CO,Et) was converted into 2-amino-7-carbethoxyamino-10-methyl-?-phenyl. 
: thridinium chloride. 2-Amino-5-nitrod yl was converted by successive into 

p-carbethoxyaminobenzamido- 5-nitrod) y and = 9-p-carbethoxyaminophen nitro- 
phenanthridine, the a eam A salt of which was reduced to S-amino-9-p- Pp antbethony- 
aminopheny!-10-methylphenanthridinium chloride (V; K <~ Et). This salt is highly active in 
mouse 7. cruzi infections, but homologous urethanes (V; RK «— Me, Pr, Pr’, Ba) proved 
to be much less active. The formal S-analogues of (V) were ‘also synthesised from 9 p-amino- 
phen yl-3-nitrophenanthridine, but are mactive 


In this series of papers attention has been directed chiefly to the high activity of 
phenanthridinium salts against Trypanosoma congolense, the causative parasite of bovine 
trypanosomiasis. A further characteristic of some urethanes of this class is activity against 
7. crust (Browning, Calver, Leckie, and Walls, Nature, 1946, 157, 263), the trypanosome of 
Chagas’ disease, a human infection prevalent in Central and South America. Organic 
and other drugs successfully used in the treatment of the various African trypanosomiases are 
inetiective; certain rather toxic bismuth compouads and the antimalarial, pentaquine, show 
some activity in experimental! infections, but the only substance of clinical value is the quinoline 
derivative, Bayer 7602 (Jensch, Angew. Chem., 1937, 60, B, 91). Mr. L. G. Goodwin and his 
colleagues at the Wellcome Laboratories of Tropical Medicine showed that on administration to 
mice during the incubation period of 7. crus infection several phenanthridinium salts delayed 
or prevented the appearance of the parasites in the peripheral blood. It was deduced that 
activity was highest for 2 : 7-diamino-9-aryl salts, which are also the most effective against 7. 
congolense, and for urethano-salts, thus confirming the earlier observation. The known refractory 
nature of 7. crus infections to drug treatment revealed itself when the more promising 
compounds were tested against the established infection in mice. Only two compounds were 
markedly active, namely 3-carbethoxyamino- and 2-amino-9-p-carbethoxyaminopheny|-10- 
methylphenanthridinium bromide (III; K = H) (Caldwell and Walls, /., 1048, 188). The 
synthesis of the 2-amino-compound is long and tedious, and attention was turned to posable more 
favourable routes, and to the preparation of analogous substances 

As expected, monoacetylation of 2 : 4’-diamino-4-nitrodipheny! (1; K «— NH,) (Finzi and 
Mangini, Gazzetia, 1932, 62, 664) gave a quantitative yield of (1; KR « NHAc), which was con- 
densed with p-carbethoxyaminobenzoy! chloride to form (Il; RK = NHAc). Differential 
hydrolysis of this substance readily afforded (II; K — NH,) but it was not possible to convert 
this amine smoothly into (Il; RK — H), and so this prospective route to (II1; RK «— H) was not 
i ; R = NH,) by hydroxyl was 


0-p-carbethoxyaminopheny 2-nitrophen- 
anthridine, reduction of the quaternary salt of which furnished (III; R — OMe; Ci for Br), 
which is only slightly active. 
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It was possible also to convert (1; K — NH,) smoothly into the monourethane (1; RK = 
NH-CO,Et), from which was obtained by successive stages of condensation with benzoy! chionde, 
ring-closure, formation of the quaternary salt (IV; R = NO,), and reduction, 2-amino-7- 
carbethoxyamino-10-methy!-9-phenylphenanthridinium chloride (IV; R= NH,). This salt 
and 7-amino-2-nitro-10-methy|l-9-pheny!phenanthridinium chloride which was obtained from 
(IV; R « NO,) by hydrolysis are active in the incubation period of T. cruzi infection in mice, but 
fail in the established disease. 

2-Amino-6-nitrodiphenyl was converted by successive stages of condensation with 
p-carbethoxyaminobenzoy! chlonde and ring-closure of the product under mild conditions into 
9-p-carbethoxy phenyl-3-nitrophenanthridine. Reduction of the quaternary salt of this 
substance furnished (V; R — Et), which is at least as active as its isomeride (III; K = H). 
Variation of the urethane group of (V) (R = Me, Pr, Pr’, Bu) was then effected by reaction 
between the appropriate alkyl chloroformate and (a) 9-p-aminophenyl-10-methyl-3-nitro- 
phenanthridinium chloride, obtained from the corresponding urethano-salt by hydrolysis, or 





R ‘NH, 


NMe}Br- 


NH-CO,Et 
NH-CO,Et aut 
(11) 


NH, 
a 


EtO,C NHS COR NMe}CI- 


pr NMe}X~ 


\ 


tv.) NH-CO,R NR-°SO,R’ 


\ (VL) 


(6) 9-p-aminophenyl-3-nitrophenanthridine in acetone-diethylaniline, followed by formation 
of quaternary salt and reduction. Alternatively, condensation of 2-amino-5-nitrodipheny! and 
p-carbopropoxyaminobenzoy! chloride followed by the operations already outlined gave (V; 
R « Pr), None of the salts obtained by these routes equalled (V; R = Et) in their action on 
T. crusi infections, the best being (V; R « Bu) 

The results of a pharmacological and chemotherapeutic investigation of some of these 
compounds have recently been published (Goodwin, Goss, Lock, and Walls, Brit. ]. Pharmacol., 
1950, 6, 277; Goodwin, Goss, and Lock, sid., p. 287) 

The urea (V; CO-NH, for CO,R) was also prepared (/., 1946, 1033), but is inactive 

Condensation of 9-p-aminopheny|!-3-nitrophenanthridine in pyridine solution with methane- 
and ethane-sulphonyl chloride furnished (VI; R « H, R’ = Me) and (VI; R = H, R’ = Et), 
of which the former was methylated by the methy! iodide-potassium carbonate method to 
yield (VI; R= R’ = Me). These three sulphonamides were smoothly converted by the 
nitrobenzene-methy! sulphate method into quaternary salts, which were reduced to the formal 
S-analogues of (V), but all are inactive 


EXPERIMENTAL 
(Analyses refer to samples dried at 100°.) 


4 -Acetamido-2-amino-4-nitrodipheny! (1; R «= NH-COMe).--This compound has been described by 
Finzi (Garretta, 1931, 61, 33), but the following method of preparation is more convenient. Hot water 
(54 mil.) was added to a solution of 2: 4’-diamino-4-nitrodiphenyl (6 g.) in boiling alcohol (54 ml.). Some 
diamine was precipitated, but on addition of acetic anhydride (2-6 ml.) a clear solution was obtained, 
followed in a few minutes by separation of light-brown needles of the acetyl compound (5-4 g.). m. P: 
225220", raised on recrystallisation from alcohol to 231—232° (Finzi gave 225") (Found , 62-05; 
H, #85, N. 1545. Cale. for C,,H,O,N, > C, 61-95; H, 485; N, 15-5%). 


4'- Acetamido 2 -p-carbethoryaminobenzamido-4-nulrodiphenyl (Il, R «= NH-COMe) was obtained by 
condensation of the foregoing acetyl compound (27 g.) with p-carbethoxyaminobenzoyl chloride (27 g.) 
in nitrobenzene (240 mi.) at 140 After 45 minutes the solution was cooled, and the product that 
crystallised was collected, washed with cold alcohol, and recrystallised from aqueous pyridine in buff- 
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coloured leaves 45, m. p. 244-245" (effervescence) (Pound : C, 62-26; H, 465, N, 124. C,,HO.N, 
requires C, 62-3 48; N, 12-91%) 


4'-Amino-2-p-carbethoryaminobensamdo-4-nutrodiphenyl (11. KR «— NH,)-—The foregoing amide 
(5 g.) was refluxed with alcohol (65 ml.) and concentrated sulphertc acid (3-5 ml.) for 5 hours, complete 
SS ee ee This ee and the orange 
amine thus was crystallised from 90%, rong y plates (3-7 ¢.) Ay _ 

241° (decomp.) (Found : C, 62-7; H, 4-8; N, 13-3 Si, saquioen€, hy H,48, N 3% 
2-p-Carbethos > 4 tgtreny-4-aitrehiphonyt (1; R bt —A solution pre 
(10 .) in concentrated sulphuric acid (80 ml) and acetic ackd (60 mal ) was diazotised with powdered 
sodium nitrite (24 g.); ice was then added finally water, to give 500ml. The suspension 
of a yellow solid was then heated (steam noth) cath until ence ceased solid, now brown in colour, 
was then collected and lixiviated with hot acetic acid. The residual phenol was crystallised twice from 
buff-coloured acicular 7 Sk. m. p. 261° (decomp.), which contained 
tion (Pound : C, 644; H,4 loss, 14:5. Cg,H,,O.N, C,H,N requires 

M48: N, 12) CoN. 15-8% besed, fer 0s componnt duted'ss ¥ 
62-6; H, 445; N, 975 Cog gO -N, requires C, 62-65, MH, 4-65; N, 905%). 


2- p-Carbethoryaminobenzamido4 -méthory-4-mitrods phen ai: R « OMe).--A solution of the 
hydroxy-compound (85 g.) in acetone (300 ml.) was uxed with anhydrous assium carbonate 
(8-5 g.) and methyl iodide (8-5 mi.). The dark-brown acetone solution lightened in colour, and 
after 2 hours was separated, distilled to bulk, and diluted with an equal volume of water. The 
crystalline th thus obt ae See eee See ae oe re are Coe Ek & P 
203-205" (Found : C, 63-1; H, 49; N, 945. C,,H,,O,N eee 63-4; H, 485; N, 966%) 


9-p-Carbethorvaminopheny!l-7-methory -2- ee aa ey pe -Carbeth b do-4- 
methoxy-4-nitrodipheny! (5 g.) and phosphoryl c (7-5 ml ) were ted for 2 hours (steam- bath) and 
the solution was then decomposed with ice. The yellow solid phenanthridine was collected, heated with 
w-sodium carbonate, washed with water, and crystallised from acetone. It separated in greenish-yellow 
microscopic needles (2-6 g.), m. p. 221-223" (Found: C, 66-2; H, 47; N, 1005. H ,,O,N, requires 
C, 662; H, 46; N, 10-05%). This substance was heated with Ritrobenzene—methy e at 175°, 
ain! since the methomulphate did not crystaliwe the mitrobensene was distilled 1 stout addition of 
sodium chloride to the aqueous residue the quaternary chloride in small buff prisms, m 
235-—236" (effervescence) (Found : C, 60-0; H, 445; N, 885; Cl, Catia, N,Cl requires C, 61 

H, 4-75; N, 0; Cl, 7-6%). 


2-Amino-9- ryaminophenyi-7-methory-10-methyiphenanthridinium chloride (IIL: RK = OMe) 
was obtained reduction of the foregoing nitro-salt in aqueous solution with ferrous hydroxide 
Addition of sodium chloride to the filtrate caused the amino-salt to separate in red needles which, 
recrystallised from methanol-ethanol, were unmolten at 300° (Found: C, 65-65; H, 545; N, 10-1; Cl, 
83. C,,H,,O,N,Cl requires C, 66-8; H, 5-55; N, 6; Cl, $1%). 


2-Amino-4'-carbethoxryamino-4-nitrodiphenyl (1; RK «= NH-CO,Et).2 : 4-Di 4-nitrodiph 
(5 g.) was dissolved in boiling alcohol (50 ml.) and treated with ylaniline (3-5 ml., 1 equiv.) and pH 
chloroformate (2 ml., 1 equiv.). After 10 minutes at the boil the Ehation was stirred into 0-6n-hydro- 
chloric acid (200 ml.) brown urethane precipitated was collected and crystallised from alcohol in 
brownish-red transparent . m. p. 153° (Pound: C, 50-7; H, 465, N, 143. C,.H,.O,N, requires 
C, 50-8; H, 50; N13 96%) 

2-Hensamido-4' -carbethoxryamino-4-nitrodt phenyl — Benzoyl chloride (9 m!.) was added to a solution of 
the foregoing amine (22-5 g.) in nitrobenzene (90 ml.) at 135°. Hydrogen chloride was evolved, and 4 
30 minutes the solution was cooled. The product that crystallised was collected, and recry 
benzene in almost white, ated tes (24-5 g.), m. p. 197° (Found: C, 65-1; ‘ : 
C,H ,,O,N, requires C, 65-15; H, 4-75, N, 10-36%). With slow heating this substance may first melt 
at 188”, then resolidify and remelt at 197°. 

7-Carbethoxyamino-2-nitro-0-phenyiphenanthridine —The benzoyl compound (10 g.) and phosphoryl! 
chloride (10 mil.) were heated in a bath at 120° for | hour and then cautiously treated with ice-water 
The solid thus liberated was lixiviated with hot aqueous sodium carbonate, washed wit water, dried, and 
extracted with chloroform. A very sparingly soluble by-product (2-7 g.; a urea?) wes thus left undis- 
solved. Evaporation of the chloroform extract left a yellow crystalline solid (7 g.) of rather indefinite 
m It was purified by dissolving it in boiling acetone (250 ml.) and adding concentrated hydrochloric 
acid (10 ml); a deep yellow crystalline hydrochloride separated, which was converted into the base 
(4 g.) by heated with dilute aqueous ammonia. this crystallised from acetone in yellow prisms, 
m. p 247—249° (Found ; C, 68-3; H,4-4; N. 10-8. C,,H,,O,N, requires C, 68-2; H, 4-45, N, 10-85%) 

This Ba (3 g.) was converted into the quaternary salt by adding methyl sulphate (2 ml.) to its 
solution in nitrobenzene (30 mil.) at 180°. With c 7-carbethoryamino-10-methyl. 2-mutro-9- phenyl- 
phenanthridinium methosuiphate (IV; R = NO,) cry it was purified by oy ge from 
water, forming yellow needles or plates, decomp 158-160" ‘(Found N, #25; S$, 60. C,,}H,,0,N,5 
requires N, 8-2; S, 625%). 


Fat eat) wenn Saelnne ty ceca ont 6 BED 26 2EP. Dilution with water followed by neutral- 
isation with ammonia and addition of sodium chionde to the bot solution caused 7-amino- mwey: 


paar ree ee ad ec od Con ed 








00° in a vacuum: C, 











1: denine-5-nthe-0-phrepipbenentittins. —7-Carbethoxyamino-2-nitro-9-phenylphenanthridine (1 &) 
was heated with sulphuric acid (3 ml.; d 1-66) for 30 minutes at 140°. On dilution with 2 volumes of 
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ee oe cl ae te crystallised, converted by further dilution into a carmine 
satbehea, wea washed with water, and heated with aqueous sodium carbonate. 
he RN a sa ere (Found: C, 723; H, 415; N, 13-45. 
CygH yO,N, requires C, 72-35; H, 4-15 13-35%) 





-9- phenyiph thrids Chloride (IV; R = NH,).— 
methoeulphate (2 g.) was dissolved in 


neat with a of f us hydroxide from ferrous sulphate 
12 g.) and barium a. (12-6 ¢.). ‘Rapid reduction occurred, 30 minutes the crimson 

te was concentrated under reduced pressure to 100 ml. Addition of ‘odien ey ye 
the amino salt, —.kheaem. tes unmolten at ind : 
N, 10-7; C1, 866. CHO N,Cl requires N, 10-3 8-7%) 


7. Acetamido-2-amino-10-methyi-9-phenylphenanthridinium F thanesulphonate.— Acetic anhydride 
(14 ml.) was added to a solution of 7-amino-10-methyl-2-nitro-9-phenyliphenanthridinium chloride (3 g.) 
ia hot acetic acid, and the solution brought to the boil and then diluted with water. addition 
sodium chioride a mass of yellow goodies ot T-acetamido-10-methyl- Sep yap on 
chloride formed, unmolten at 300° (Found: N, 10-76; Cl, #65. C,,H,,O,N,C) requires N, 10-3; Ci, 
a. By ferrous hydroxide reduction this salt was converted into the sparingly soluble amino- 
chk from which the Chanesulphonate was obtained by metathesis with silver ethanesulphonate ; 
it formed scarlet needles, unmolten at 300° (Found : N, 9-05; S, 609. C,,H,.O.N,S requires N, 93; S, 
71%) 

2-p-Carbethory ob do 5-nitrodipheryl._p-Carbethoxyaminobenzoyl chloride (14-5 g.) was 
added to a solution of 2-amino-5-nitrodipheny! (14-5 g.) in boiling chlorobenzene (70 ml.). After | hour's 
boiling the solution was cooled, and an almost quantitative yield of the asmsde crystallised in white plates, 
m. p. 200°, after recrystallisation from acetic ackl (Found: C, 649; H, 46; N, 105. C,,H,,O,N, 
requires C, 65-15; H, 475; N, 10-35%). 


9p Carbethe ryaminophenyl 3-mitrophenanthridime The cean of phosphory (30 g.) and pi 








horyl 
chloride (100 mil.) were heated (steam-bath) for 2 hours. Excess of I chloride was dist off 
under reduced pressure, and the residual gum taken = in bouling (250 mil.), and concentrated 
hydrochloric acid (40 ml.) added. The orange hydroc fhloride thus precipitated was collected, and heated 
with n-sodium carbonate until converted into the pale yellow base (22 g.), crystallisation of which from 
acetone or pyridine furnished —— risms, m. p. 245-—250", followed resolidification (Found : 
C, 67-75; na 45; N, 10-66 H,,O,N, requires C, 682; H, 4-45; N, 10-85%). The chloroform 
filtrate contained mostly sadeeatl aad 


Hydrolysis of this compound with sulphuric acid (¢ 1-66) at 140°, followed by dilution with water, 
caused a sulphate to crystallise. This salt was collected and heated with dilute aqueous ammonia, the 
9 p-aminophenyl-3-nitrophenanthridime thus obtained being crystallised from nitrobenzene or pyridine 
in light-brown needles, m. p. 297° (decomp.) (Found: C, 72-1; H, 4-15; N, 13-35. C,,H,,O,N, requires 
C,72-35, H, 415; N, 13-35%). 


By the nitrobenzene-methy! sulphate method a high vield of 9 p-carbethorvaminophenyl-10-methyi-3- 
mifvophenanthridimium methosul phate was obtained, which crystallised from water or methanol in 
light-brown plates, decomp. 248° (Found: N, 7-7; 5, 635. C,,H,,O,N,S requires N, &2; S, 6-25%). 

ydrotysis in the usual way converted it into 9-p-amimop vi 1O-methy]-3-nitrophenanthridimium 
chloride, which crystallised from water in brownish-purple plates, decomp, 280° (Found: N, 11-4; Cl, 
7. Coll,,O,N,O requires N, 11-5; Cl, 7%) 


3-Aminoe Op meray bn ne tment 10-methylphenanthridimium E thanesulphonate — %-p-Carbethoxy- 
aminopheny!-10-methyl-3-nitrophenanthridinium chloride was reduced with ferrous hydroxide. The 
cal (V; Ro Et) crystallised from water in yellow prisms, unmolten at 300° (Found: N, 10-7; Cl, 
88. C,H ONC) requires N, 10-3; Cl, 87%). The ethanesulphonate crystallised from water in ef 
yellow -_~ =p 285.200" (decomp.) (Found : N, 8-75; S, 645. C,,H,,O,N,S requires N, 8-75; 
6-65%,) phate obtained by metathesis of the chloride in methanol with silver sates 
ceyeithiced » &- methanol im ¢ P yellow plates, m. p. ca. 250° (decomp.). This salt is extremel 
soluble in water (Found: C, 6506; H, &1; N, @8. C,,H,O.N,.§S0, requires C, 65-7, H, 5-3; 
10-0%) 


9 p- Carbomethoryaminophenyl-3-nitrophenanthridine.—A suspension of o- aminophenyi- -3-nitro- 


henanthridine (4 g.) in acetone (200 ml). diethylaniline (4 ml.), and methyl chloroformate (2 ml.) was 
ated under reflux until a clear solution was obtained (about | hour). With cooling, the product 
crystallised in pale yellow needles (4 g.)}. Kecrystallisation from pyridine afforded talc-like crystals, 
decomp. 260° (Found : C, 67-7; H, 3-8; N, 11-25. C,,H,,O,N, requires C, 67-55; H, 4-05; N, 11-25%). 


The following compounds were prepared substantially by the methocis already described (solvent for 
crystallisation in parentheses) 


9. p-Carhomethoryamimophenyl-1L0-methyl-3-nitrophenanthridimium methosulphate, light-brown needles 
(water), decomp. 233 — N, 84; 5,63. C,..H,,O,N,S requires N, 8-4; 5S, 6-4%,) 





3 wg ny tee pa yl-10-methyiphenanthridinium chloride, yellow prsms (water), 
decomp. 200° (Found: N, 114: C1. "O15 Cy gO, N,Cl requires N, 10-65; Cl, 9-%). 


ey pry oy {.Copp and Walls, /., 1950, 315), white needles (aqueous alcohol), 
m 195° (Pound : C, 50-5; H,60;, N.62. C,,H,,O,N requires C, 50-2; H, 5-85; N, 6-2%) 


Eee wr yamsnobensamido-\-nitrodiphenyl, white prisms (acetic acid), m. p. 195° (Found: C, 
657. H, 50, N, CyH,,O,N, requires C, 65-85; H, 5-05; N, 10-0% 
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aa (decomp.) 


. yellow 
(Found : C, _ #75; N, ae eee vn. s N, 0 


(water), m. p. 2 ry smn (Peend 05 $,595. C,,H,,O.N,S requires N, i, net bron The 
chloride was obtained by inetathess with sodium chloride’ or by ‘the interaction of an solution 
“tthe entnoatepaleehiae amt rer as light-brown plates, decomp (Pound: N, 
93; C80. C,,H,O,N,Ci requires N, 93; Cl, 7-85%). 


btmen 9p erepeporrmin ae 1O-methyipa thrvds chloride, yellow needles (water), 
unmolten at FP N, 10 a6 CH wy N ires N, 995; Cl, 84%), and efhane- 


u 
ern yellow plates, effervesces at 120° (Found N. tars 64. C,.H,,O,N,S requires N. 8-5; 
8, 645% 





t, Ee Ce tea The , pale yellow leaves (acetone), m. p. 272° 
(decomp. Antmeng hi C, 69-05; 5 ‘7; soak The quaternary methosulphate formed brown plates 
(water), decomp. 246° (Found : N, 7-85 %). 
dS Amino o -10-methylphenanthridsmium chiorsde, yellow plates — 
unmolten at 300° (Found : N, 10-0; C1, 865%), and ethanesulphonate, deep yellow prisms, effervesces at 
ca, 175° (Found : N, 88; S, 50%). 
phenyl-3-witrophenanthridine, buff needles ( qc ren. m. p. 251° 
S or: yt 5-05; N, a HOwNs requires x. fore 


thin yeliow p ain aa pt tae? tere) (Poend? 'N, 74 
-geti,,O,N,5 requires ~~ 775; 5,60 


3-Amino-¥ p-carbobut phenyl-10- iphenanthridimium methosul elongated yellow 

tes (water), ‘m. p. 197° (effervescence) (F : N, 805; 5,61. C,.H,O.N,S requires N, 82; 5, 

25%). 

2-m-Carbethoryaminovensamido-5-mutrods . white microscopic needles (alcohol), m. p. 166° 
(Found: C, 656-55; H, 4:5; N, 10-35. C,.H,,O.N, requires C, 65-15, H, 4:75, N, 10-35%). 

% m-Carbeth phenyl-3-nitrophenanthridime, thin pale yellow tes fetes pyridine), 
partial mel at 185°, resolidification, re-melting 232° (Found: C, 68-7, H. 40; N.&7 wll, ,ON t 
requires C, 2; H, 445; N, 10-85%), and its methochloride, yellow prisms (water), ey p. 7 
eflervescence) (Found : N, 9-65; Cl, #1. CyHy,O.N,Cl requires N, 96; CL 1%) 

3-Amino-9-m-carbethoryaminopheny!l-10-methylph thridims chloride: deep yellow needles 
(water), decomp. ca. 200° (Found: N, 10-25; a, ‘86. CyH,O 8 ,Cl requires N, 10-3; Cl, & 7%). 

Op Catena eS ies troph thrid chlevide wan prepared trem 0-p-amnins yl- 
10-meth yl-3-nitr chloride by the method already described (Walls, /., 1946, 103). It 
crystallised from water in cc coloured prisms, unmolten at 300° (Found: N, 136; Cl, #9. 
C,y,H,,O,N © requires N, 13-7; CG, 87%). 

3-Amino-9 p-carbamidophenyl-10-methyliphenanthridinium chloride was prepared from the nitro-salt 
by the ferrous hydroxide method; it crystallised from water in Sok yellow needles, decomp. ca. 270° 
(Found: N, 14; G1, @5. C,,H,,ON,Cl requires N, 14-8; Cl, 0-36 


9 p- Methane sul phonamidophenyl-3-mutrophenanthridine (VI, KR - i R’ = Me).—9-p- ron Pf 
3-nitrophenanthridine (3 g.) in hot pyridine (36 ml.) was treated with methanesu: yp Ly chloride (1 
and the solution refluxed for 30 minutes. It was then diluted with water (36 © that the produc 4 
crystallised in light-brown plates, recrystallisation of which from wr-w So afforded yellow plates, 
m. p. 260-—262° {decomp ) (Found ; C, 61-15; H, 3-75; N, 10-6; 8,7 H, ,O.N,S requires C, 61.06 ; 
H, 3-85; N, 10-7; 5S, 815%). The quaternary methosul phate was  chtainedl by the nitrobenzene methy 
sulphate method. It crystallised from water in yellow prismatic needles, decomp. 280° (Found : N, 6-0, 
S, 120. CyH,,O,N,S, requires N, 81; S, 12-93%) 


3- Amino-0-p-methaw sulphonamidophenyl-10-methyiphenanthridimium chloride was obtained by 
reduction of the foregoing salt with ao wy hydroxide, and addition of sodium chloride to the filtrate. It 
crystallised from water im orange- w prisms, decomp. 278° (Found: N, 10-2; Cl, #05; S, 746 
Cy, H,O,N,CIS requires N, 10-15; 86; S, 7-76%) 

The following were similarly peepased : 


& p-Ethanesulphonam henyl-3-nstrophenanthridine (V1; R = H, R’ = Et). The pyridine solution 
must not be heated above The product crystallised from Por acid in small brown erg br f 
223-224" (Found : C, 6240, H. 41; N, 10-5; 5,756. CyH ives C, 61-9; H, N, > 
S, 785%). The methochlorsde pao gt from water in bud pao ty pomp. 224° (Found: N, 

Cl, 7-85; S, 6-65. CyHO.N,Cl requires N, 015; Cl, 7-75; S, 740%). 


eee pgm op O- meth nium chloride crystallised from methanol 
in brick-red prisms, m. p. 269-270" (decomp.) (Found: N, 10-2; Cl, #25; 5, 685. C,.HO,N,CIS 
requires N, 9-8; C1, 3; 5, 7-6%) - 
9-p- Methanesulphon-N-methylamidophenyl-3-niutrophenanthridime (VI; R == Ro = Me).- “fren. 
sulphonamidophenyl-3-nitrophenanthridine (5-5 g.) and anhydrous potassium carbonate (11 g.) were 
suspended in acetone (110 ml.) with methyl iodide (16-5 ml.). After 3 hours’ refluxing che filtrate was 
separated, evaporated to small bulk, and diluted with water. The solid thus prec ted was collected, 
and washed first with N-sodium hydroxide and then with water. The residue (5 #1 trom 
yridine in yellow tentiote, m. p. 274—275° (Pound. C, 61-8; H, 405; N, 103. C,, ‘DNS N ee eoquiens 
61-9, H, 42; N, 103%). The methochloride ae from water in lght- brown needles = 
275—276 (decomp ) (Found N, 925; C170; 5,675. C,H,ON CO requires N, 015; Cl 7 Ty 
70%) 
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3. Amino-9 p methanesulphon- N methylamidopheny! 10-methylpa thrid: chionde crystallised 


from methanol in large. Ve vg yr plates, decomp. 245— 248° (Found; WN, 985; Cl, #2; S, 7-1. 
CyH,O 8 1S requires N, 98; Ci, 83; 5, 7-5%) 





Thanks are offered to Mr. A. Bennett for micro-analytical results, and to Mr. R. A. Nightingale for 
valuable technical assistance 4 
Cuewrcat Deviston, Wettcome Ressaacn Laporatonrtss, 
Beckenuam, Kent Received, August 20h, 1950 


693. Contributions to the Chemistry of Phenanthridine. Part II. The 
Preparation of 2: 7-Diamino-9-3'-pyridylphenanthridine VV : 10-Di- 
methiodide. 


By V. Perrow and W. R. Wraae. 


The synthesis of 9-3 pyndylphenanthndines reported in Part I of this series has been 


extended by the preparation of some 2 7-dusubstituted 9-3'-pyridylphenanthridine quaternary 
salts 


In Part I (/., 1047, 1410) we described the preparation of some 9-3’-pyridylphenanthridines, 
together with a study of the structure of the derived monoquaternary salts. We now report 
the preparation of a 9-3’-pyridy! analogue of the potent trypanocide, Dimidium bromide, 2 : 7-di- 
amino-9-phenylphenanthridine 10-methobromide (Walls, J., 1945, 204) 

Our initial experiments were directed towards the ring closure of 4 : 4’-biscarbethoxyamino- 
2-nicotinamidodipheny! (1; R= NH*CO,Et) but all attempts in this direction proved 
unsuccessful; (I; R « NH-CO,Et) was recovered 64% unchanged after 1:25 hours’ boiling 
with phosphory! chloride (cf. Walls, J., 1947, 67), and, although after 8 hours’ boiling no 
unchanged material was recovered, yet no definite product could be isolated. Walls and 
Whittaker (/., 1950, 41) have recently described the successful ring closure of (I; R = 
NH-CO,Et) by the action of phosphory! chloride in nitrobenzene at 130°, but the yield of 2 : 7- 
biscarbethoxyamino-9-3’-pyridylphenanthridine (II; R «= NH-CO,Et) obtained was rather 


low 


NO, 


( | 
bs NBS MeSO,- 
, NMe 


Y/ \ 
j ] i 
4 YW 
1) aL) * nn) 


It was clear that relatively drastic conditions would be required for the alternative reaction 
the direct ring closure of 2-nicotinamido-4 : 4’-dinitrodiphenyl (1; R NO,). The nitro- 
substituents were expected to exert a considerable inhibitory influence (cf. Morgan and Walls, 
]., 1932, 2225), especially as they were in the 4- and 4’-positions, and the reaction was expected 
to be additionally difficult owing to the presence of the pyridyl residue (Petrow and Wragg, 
loc. cit Nevertheless application of the improved techniques for the ring closure of 2-acyl- 
amuinodiphenyls, which had just been developed by Barber, Bretherick, Eldridge, Holt, and 
Wragg (/. Soc. Chem. Ind., 1950, 69, 82), offered reasonable hope of success. The scope of the 
Morgan and Walls reaction had earlier been considerably widened by the introduction of nitro- 
benzene as solvent (Walls, J., 1945, 204). Barber ef al. (Joc. cit.) found that striking 
improvements in yield and in the rate of reaction resulted from reduction of the proportion of 
phosphoryl chloride used, so that higher reaction temperatures were attained. They also 
established the value of Friedel-Crafts type catalysts in the reaction; ¢.g., by use of 12 mols. of 
phosphory! chloride in nitrobenzene, in the presence of 01 mol. of stannic chloride, the yield of 
2 : 7-dinitro-¥-phenylphenanthridine was raised from about 50%, (cf. Walls, loc. cit.) to 95% 
and the reaction time reduced from 20 to 2 hours 

Application of these new reaction conditions to (1; R « NO,) led to the formation of (II; 

NO,), but only in 20% yield. By increasing the amount of stannic chloride catalyst to 
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10 mol., however, 2: 7-dinitro-9-3’-pyridyiphenanthridine (11; K «— NO,) was obtained in 
yields exceeding 70%. A monoquaternary salt was obtained from (Il; RK «— NO,), which was 
assigned the structure of a I’-methosulphate (III) (cf. Part I, foc. cif), as (a) treatment 
with aqueous ammonia failed to precipitate an insoluble psewdo-base and (b) oxidation with 
aqueous alkaline potassium ferncyanide gave (1 : 6-dihydro-6-keto-|-methyl-3-pyridyl)- 
2 : 7-dinitrophenanthridine (IV). (III) did not give a diquaternary salt even under drastic 
experimental conditions; its reduction with reduced iron in acidulated aqueous solution was 
likewise unsuccessful 

Reduction of (Il; R — NO,) with stannous chloride in concentrated hydrochloric acid gave 
2 : 7-diamino-9-3'-pyridylphenanthridine (11; RK — NH,), converted into 2 : 7-biscarbethoxy- 
amino-9-3'-pyridyiphenanthridine (11; RK = NH°CO,Et) by treatment with ethyl! chioro- 
formate and potassium carbonate in dilute aqueous acetone. The latter compound was best 
converted into the diquaternary salt by heating it with methyl sulphate at 180° 
Hydrolysis of the resulting 2: 7-biscarbethoxyamino-9-3'-pyridyiphenanthridine 1’: 10-di- 
methosulphate with 75%, sulphuric acid, followed by treatment with potassum iodide, gave 
2: 7-diamino-9-3’-pyridylphenanthridine I’ : 10-dimethiodide as shining black needles 

The structure of a pyridinium salt ascribed on grounds of analogy in Part I (Joc. cit.) to the 
monomethosulphate derived from 7-nitro-9-3’-pyridy!phenanthridine has now been confirmed 
by its oxidation to the corresponding 1-methyl-2-pyndone 

In experiments kindly performed by Miss R. M. Noble (Biological Division, May and Baker 
Ltd.) the average lethal dose (L.D.50) of 2 : 7-diamino-9-3’-pyridyiphenanthridine 1’ : 10-di- 
methiodide for mice by subcutaneous injection was found to be 0-025 mg. per g. of body-weight 
The compound was inactive against a Trypanosoma rhodesiense infection in mice, but had some 
efiect, though not a curative action, at one-half the lethal dose given subcutaneously against a 
T. congolense infection. Accordingly, it was only feebly active compared with other 
phenanthridinium compounds 

EXPERIMENTAL 


(Semi-microanalyses are by Mr. S. Bance, B.Sc.. A.R.LC., Research Laboratories, May and 
Baker Ltd.) 
4: 4'-Biscarbethoryamino-2-micotinamidodiphenyl (1; R «~ NH-*CO,Et) (cf. Walls and Whittaker, /., 
1950, 45) A solution of nicotinoy! chloride hydrochloride ——_ nicotinic acid (13 g., 1-2 mols.) 
in one 


and thionyl! chloride) in boiling chlorobenzene (300 cc.) was portion to a boiling solution of 
2-amino~4 : 4'-biscarbethoxyaminodipheny! (30 g_.) in chlorobenzene (150 c.c.), containing dimethylaniline 
(22 c.c., 20 mols.). After the vigorous reaction had subsided, the mixture was cooled, and ether 
(600 «c.) added. Next day the supernatant liquor was decanted and aqueous ammonia (d 0-680 
100 ¢.c.) was added to the red solution obtained on dissolving the residue in a mixture of pyridine 
(250 c.c.) and methanol (250 c.c.). 4: 4'-Biscarbethoxyamino-2-nicotinamidodipheny! separated as a 
light brown crystailine uct (243 g., 62%), m. p. 222—224° (decomp.) (Found: C, 641; H, 53; 
N, 12-5. Cale. for CyH,O,N,: C, 643 ue. 5-4; N, 12-5%), unchanged by crystallisation from 
pyridine-methanol. Walls and Whittaker (/oc. cit.) give m. p. 228-—-229° (decomp.). 

2-Nicottnamido-4 | 4'-dimitrodiphenyl (1; R «= NO,).—Nicotinoy! chloride hydrochloride (prepared 
from nicotinic acid (79 g., 1-1 mols.)) was added during ca. 10 minutes to a stirred solution of 2-amino- 
4: 4’-dinitrodiphenyl (150 g.) in dry pyridine (600 c.c.) heated to 110°, the rate of addition a 
controlled so as to maintain this internal temperature. The clear deep-red solution obtained was heat 
on the steam-bath for a further 10 minutes, and then diluted rapidly with 2~-ammonia (900 c.c.) added 
with vigorous stirring. The heavy = of crystals which separated was filtered off as soon as the liquor 
had cooled to about 30°, so as to avoid contamination with traces of unchanged 2-amino-4 . 4’-dinitro- 
diphenyl which separated on storage. The uct (184 g., 88%) was washed with water and then with 
acetone (200 ¢.c.). Crystallisation from 1 vols. (v/w) of chlorobenzene gave 2-sicotinamido-4 | 4'- 
dinutrodiphenyi, pale buff-coloured needies, m. p. 223-225" (Found: N, 15-1. CygH yO N, requires 
N, 15-35%). 

2 eS ea (II; R = NO,).—A solution of the foregoing compound 
(7-28 g.) in nitrobenzene (80 c.c.) was dried by dist off 10 c.c. of solvent. Stannic chloride (2-4 ¢.c., 
1-05 mols.) was added to the tion under reflux at ; an immediate brisk reaction occurred and 

ture became steady again at 212°. Phosphory!l chloride (3-5 c.c., 1-9 mols.) 
and hea continued for a further 4 hours under reflux at 204-205" 
ydrogen . ‘ reaction mixture was cooled, poured into excess of dilute 
ammonia, and the nitrobenzene removed in steam. The precipitated solids were collected, dried, and 
extracted with boiling ’ ( .). After hot filtration, the extract deposited 2 : 7-dinitro-0-3'- 
pyridviphenanthridime (5-15 g., , forming small, . brown . m. p. 293-—204" (Pound 
C, 62-7; H, 32; N, 163. C, aN, requires C, 62-4; H, 2-9; N, 162%), from pyridine. 

2: 7-Diamino-0-3' : 
dissolved in concentrated hydrochloric acid vs to a suspension 
nitro-9-3"-pyrid ii f 1.) boiling wu 
I the to sulution, a red stanni- 
ch hours the reaction mixture was 
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ted. The filtered solution was 

on the steam-bath to 90°. The 

be apn may trom 

-). yiphenanthridime pee ae ry aye MT zg. 

ot). sample dried at 190° /0-04 mm. for 2 hours. C, 75-4; , 194. 
salt, requires C, rae ry = mdi N, 19-6%). 

2. 7-Biscarbethoryams henanthridine (11; RK = NH-CO,Et).—Powdered 2 : 7-di- 
amino O¥- pyridyighennetaridins Ge" ie .). dissolved in acetone (¢ ), was treated at 10° with anhydrous 
Se ee oe 4 mots.) ved in cold water (280 c.c.), added with vigorous stirring 

and followed immediately by ethyl! chloroformate (14-4 ¢.c., 3 mols.). Cold water (1 |.) was added after 
15 minutes’ continued stirring at 10°. 2u-Acetic acid wae then added to decompose the excess of 
potassium carbonate. followed by 2x slight alkalinity to litmus. The acetone was 
removed under reduced pressure, and the dual boiled for 5 minutes to coagulate the 
precipitated yellow product. 2: 7-Biscarbethoxyamino-9 3’- qe ye (16-7 &. Ra 
separated from methanol (800 c.c.) im yellow needles which, when rapidly heated to 200°, 


alten’ 


to a yellow liquid. This lidihed and —_ with decomposition at 223—225° (Found, on on 
he anhydrows 


sample dried at 96": N, 126%). T yative formed a crystalline yellow powder, m. p. 

223...225° (decomp.), from c zene (Found, on sam dried at 131°/10 mm.: OEt ( ) 

Cale. for CyHyON,: Ot, 20-9%). Walls and ittaker (loc. cit.) give m. p. 196-198" 

yap.). The compound gave a yellow fluorescence in ultra-violet light in concentrated sulphuric 
tion, and a blue fluorescence in methanol solution. 


2: 7-Biscarbethoxyarmno-9-3'-pyridyiphenanthridime 1°  10-Dimethosulphate.—2 : 7- yarn 
amino-9-3'-pyridyiphenanthridine (2 g.) was dissolved at 120° in methyl sulphate (20 c.c.) and the 
solution heated with to 180° during 10 minutes, kept thereat for 5 minutes, then to 10° 
and stirred into dry ether (250c.c.). The flocculent precipitated solids were collected, washed ree 4 
with ether, and dissolved in the minimum of warm water. The solution was diluted to 200 cx 

alcohol, filtered, and kept overnight at 0°. 2: 7-Bi 
1’: 10-dimethosulphate dihydrate separated as a red powder (2-4 ¢., 7, ™ 
240° (decomp.) (Found: C, 464; H, 565; N, 7-4; S, 92; OR (2doel) 8 5. Cyitt,,0 aN ,5,2H,0 
requires C, 46-8; H, 63; N, 7-8; S, 89, OR, & 9%) 


2 7-Diamino-0-3'-pyridylphenanthridine 1°. 10-Dimethiodide.—The foregoing dihydrate (1-4 ¢.), 
dissolved in water (1-4 c.c.) and concentrated sulphuric acid (2-8 c.c.), was heated at 120—130° for 
30 minutes, the mixture was then poured on oathed ice (26 g.), and the resulting solution made just 
alkaline to litmus with aqueous ammonia (d 0-68). The deep-violet solution was stirred into 

assium iodide (5 g.) in water (10 c.c.). The gummy purple precipitate was collected, dissolved in 

water (20 c.c.), and added to a beiling solution of um iodide (5 g.) in water (4 c.c.). 

2. 7-Diamino-93 -pyrnidyiphenanthridine 1 10-damethsodide oe (0-7 g., 50%) was collected at 0°, 

and crystallised from aqueous methanol as very small — 220.230” (indef.) 

on sample dried im vacwo over KOH: N, 4; “ie COHN Sith, 2H,O requires N, 
2 41-90%) 


2: 7-Dinitro-9-3' -pyridylphenanthridine 1'-Methosulphate (111).—A solution of 2: 7-dinitro-9-3’- 
SS. (3-46 g.) in dry nitrobenzene (50 c.c.) was treated with methyl sulphate (0-05 c.c., 

mol.) for 30 minutes at 170—180°, then allowed to cool, and the 2: 7-dinséro-9-3’-pyridylphen- 
anthridime 1 yg (43 ) collected, m. p. 305-—310° (decomp.) [Found ; N, 11-7; 5, 7-0; 
OMe (Zeisel), 67. €,,H ON NACH requires N, 11-9; 5,68; OMe, 66%). Crystallisation from 
water (180 cc.) gave large, glistening. plates, of unchanged m. p. 

9-(1' : @ Dihydro-6'-heto-1'-methyl-3'-pyridyl)-2 : 7-dinitrophenanthridine (1V).—A solution of the 
foregoing compound (1 g.) in boiling water (200 c.c.) was treated at 60° with | ae ferric yanide 
(3 g.) dissol in water (30 c.c.); 2n-sodiam hydroxide (20 c.c.) was then added and the sus 2 

rapidly heated to boiling. After 2 hours’ reaction under reflux, the amorphous brown solids were 

ted and extracted with boiling pyridine (150 c.c.) for 2 hours. On cooling, the filtered ex- 
tract deposited 9-(1' : 6’-didvdro-6’ -heto-|'-methyl-3’-pyridyl)-2 ee (0-57 g.. 
which, on crystallisation from pyridine, formed a lght brown SS p. >360° (Pound 2 
61-0; H. 33, N, 161. CH yO N, requires C, 60-6; H, 32; N, 14-90%) insoluble in boiling N-hydro- 
chioric acid 


9-(1': 6°. Dihydro-6’ -heto- 1'-mathyl-3 -pyridy!)-7-nitrophenanthridine.—Oxidation of 7-nitro-9-3’- pyridyl- 
phenanthridine 1’-methosulphate (Petrow and Wragg, loc. est.) with aqueous alkaline ferricyanide was 
carried out as described above for the 2: 7-dinitro-compound. The crude 9-(I’ : 6’-dthydro-6’-heto-1'-methyl- 
3’ -pyridyl)-7-metrophenanthridine (65%) yak from pyridine in small yellow needles, m. p. 330—340° 
(Found: C, 68-9, H, 41; N, 12-0. C,,H,.N,O, requires C, 68-0; H, 3-0; N, 12-7%), insoluble in 
boiling s-hydrochloric acid 


We thank the Directors of May and Baker Ltd. for facilities generously placed at the disposal of 
one of us (W. R. W.) 


Barrisn Deeo Houses Lrp., Lonpox, N.1. 
oxen Mary Cottece (Universtry of Lonpow), E.1 
eseancn Laporatortes, May anp Baker Lrov., 
Dacennam, Essex. [Recewwed, August 10th, 1950.) 
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Studies in Peroxidase Action. Part V. The Oridation of 
Dimethylaniline. 
By F. T. Nayior and B. C. Saunpens. 


readily oxidised at room temperature dilute acetic acid at pH 
Atrannent yoo cokvar won fives place 


methylbenzidine has been obtained in a pure condition, and structures are assigned to certain 
coloured products. 


Iw earlier work on peroxidase action, the detailed investigation was recorded of the oxidising 
action of the system, hydrogen peroxide and the enzyme peroxidase, on aniline (P. J.G. Mann 
and Saunders, Proc. Roy. Soc., 1935, B, 119, 47), p-toluidine (Saunders and P. J]. G. Mann, /,, 
1940, 769), and mesidine (Chapman and Saunders, /., 1941, 496). This work showed that the 
oxidation was relativeiy less complex with the C-substituted anilines, owing to the blocking of the 
“ free points " by methyl groups 

The work has now been extended to dimethylaniline as substrate, to discover the effect of 
replacing the N-hydrogen atoms by methyl! groups. The literature does not contain detailed 
examination of the peroxidase oxidation of this amine. Bach (Arch. Sci. phys. mat. 1916, 42) 
observed that the amine was attacked by peroxidase, but did not examine the product chemically 
Casolari (Biochem. terap. Sp., 1929, 16, 252) recorded that a mixture of p-pheny! 
hydrochloride and dimethylaniline, dissolved in aqueous acetic acid, gave a green colour with 
hydrogen peroxide and milk peroxidase. He assigned a formula to the compound, which cannot 
now be considered correct 

For most of our experiments an enzyme preparation obtained from turnips (see F.G. Mann 
and Saunders, * Practical Organic Chemistry,” Longmans, p. 372) was used. In the summer 
months horseradish was used instead of turnips, and in a few experiments we used a highly 
purified specimen of the enzyme, kindly supplied by Professor Keilin (see Keilin and Mann, 
Proc. Roy. Soe., 1937, B, 122, 119). Similar results were obtained with each type of preparation 
Control experiments were carried out with the enzyme in the absence of hydrogen peroxide and 
with hydrogen peroxide alone. In the former case no action was observed, whilst with the 
hydrogen peroxide alone a very faint magenta colour developed only after several hours. There- 
fore it may be concluded that the oxidations described below were brought about by peroxidase 
action 

For the oxidations a 2°, solution of dimethylaniline in dilute acetic acid was used, the pH 
being 40-47. An aqueous solution of the enzyme preparation (P.N.* ca. 100) was added to 
the amine solution and then hydrogen peroxide was added in small quantities. In order to 
discuss the mechanism it is necessary to indicate briefly the colour changes which took place. 
The reaction mixture became transiently yellow (stage 1), and quickly changed to intense green 
(stage 2). A light blue precipitate then slowly separated and the green colour gradually changed 
to blue-green and finally to blue-purple. During the early stages of the oxidation, the green 
colour reappeared on each addition of hydrogen peroxide. When a small portion of the green 
solution (stage 2) was removed and treated with a large excess of hydrogen peroxide and 
peroxidase it became orange (stage 3), but rapidly changed back to green when kept 

At the conclusion of the oxidation, the solid was filtered off. The main constituent of this 
was found to be NNN’‘N’-tetramethylbenzidine which was obtained pure by chromatography 
This procedure showed the presence of traces of many coloured materials which could not be 
obtained crystalline, ¢.g., a very small amount of a violet dye of the triphenylmethane type, 
resembling both methyl-violet and crystal-violet, but apparently identical with neither, and 
a substance that, from its colour reactions, resembled a phenazine. The filtrate at the end of the 
oxidation did not contain dimethylaniline oxide—an observation of some interest. It gave, 
however, an unidentified picrate which was neither that of dimethylaniline nor that of NN N’N’- 
tetramethylbenaidine. 

The formation of NN N’N’-tetramethylbenzidine (11) from dimethylaniline involves dehydro- 
genation in the para-position. It may be that free radicals (1) are produced which immediately 
combine in pairs to produce the substituted benzidine (11), some of which separates as a solid, 


an PN. = Purpurogallin number. For definition sce Saunders and Watson, Biochem. J., 1950, 46. 
"We 
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the remainder being further oxidised. (Alternatively the first stage may be the removal of an 
electron from dimethylaniline giving the ion-radical (le). Such ion-radicals would combine in 
pairs to give (11) with the simultaneous elimination of two protons.) It is possible that the 
transient yellow colour (stage 1) is concerned with this initial 

We next examined the action of peroxidase and hydrogen peroxide on NN N’N’-tetramethyl- 
benzidine in dilute acetic acid. A transient greenish-yellow colour quickly gave way to 
an intense green. Further oxidation, carried out quickly, gave an orange-coloured solution 
which slowly reverted to green. When dilute hydrochioric acid was added to the green solution, 
the orange stage was immediately reached. Dilute sodium hydroxide solution on the other 
hand seemed to act as a reducing agent by converting the orange-coloured solution to green, and 
then causing the green colour to disappear with the separation of tetramethylbenzidine. There 
seems little doubt that the green and the orange colour here recorded correspond with those 
observed in the oxidation of dimethylaniline—stages 2 and 3 respectively. The final colour 
when tetramethylbenzidine was oxidised was, however, reddish-purple 

The oxidation of NNN‘N’-tetramethylbenzidine by other agents was also investigated 
Oxidations carned out in the presence of mmeral acids gave no green colour, an orange-coloured 
solution being formed immediately. The best method of preparing the green compound in the 
solid state was by oxidising tetramethy!benzidine with bromine water, a green amorphous solid 
separating. A green compound had previously been obtained by WillstAtter and Kalb (Ber., 1904, 
37, 3761) by the action of ferric chloride on N N N’N’-tetramethylibenzidine, which like our green 
compound gave an unstable orange salt on treatment with excess of hydrochloric acid 

Willst&tter and Piccard (Ber, 1908, 41, 3252) believed that their green compound had the 
structure (III). It ts now suggested that the intensely green compound (in solution) is a free 


Mes¥ a » 3 yale, + Mee >< _ Dre, 
(111) 


radical (1V), analogous to a Wurster salt, formed by the removal of one electron from the 
VNAN‘N’-tetramethylbenzidine molecule 

It is clear that the cation (IV) will be a resonance hybrid of a number of unsaturated 
structures (¢g., one in which the second nitrogen atom has only seven electrons in its outer 
orbit), In some of the structures a carbon atom of the benzene rings will be “ unsatisfied.” 
The intense colour of the compound is readily accounted for on this view, and it owes its stability 
to resonance among the several participating structures 

Further oxidation will result in the formation of the quinonoid structure (V) by the loss of 
a second electron. This will be only feebly coloured because of the reduced possibility of 
resonance, and it is considered to be the structure of the compound responsible for the orange 
colour previously described. In support of this we have shown by quantitative experiments 
that the amount of bromine water required to oxidise NN N’N’-tetramethylbenzidine com- 
pletely to the orange compound is in accordance with the constitution (V) 

We do not propose at the moment a mechanism for the conversion of (V) into (IV) and thence 
into NNN‘N’-tetramethylbenzidine by dilute aqueous sodium hydroxide. However, it may 
be noted that helicorubin, a pigment of the intestine of snails and crayfish, 1s oxidised in acid 
solution, but when the pH is raised above 7°3 reduction automatically takes place (Roche and 
Morena, Compt. rend. Soc. Biol, 1936, 128, 1218). The fact that no intensely green solution is 
obtained during the oxidation of NN N’N’-tetramethylbenzidine in the presence of mineral acid is 
discussed later. Frequently during the oxidation of dimethylaniline, the orange stage (3) was 
reached and then subsequently reverted to the green stage (2). This was probably caused by 
(V) reacting by electron transfer with unchanged tetramethylbenzidine The absence of stage 
(3) when the oxidation of tetramethy!benzidine was carried out slowly suggests that the quinonoid 
compound (V), as soon as it is formed, takes part in further reactions, with the formation of 
coloured compounds. It seems hkely also that in the oxidation of -dimethylaniline many 
products are formed via this intermediate quinonoid compound (V). In support of this we have 
shown that (V) and dimethylaniline react in dilute acetic acid to give a blue substance, and also 
that dimethylaniline and (IV) react in dilute acetic acid solution, especially in the presence of 
hydrogen peroxide, to give similar blue compounds. Some, at least, of these compounds may 
perhaps be of the electron-transfer type (cf. Weiss, / , 1942, 245) 

The formation of traces of a tnphenylmethane dve is not surprising in view of the fact that 
dimethylaniline is oxidised by a variety of reagents to dyes of this type (cf. Hofmann, Ber., 1873, 
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6, 357). Other possible reactions must not be overlooked, such as the formation of p-hydroxydi- 
methylaniline and its oxidation products. 


The main changes can therefore be shown in outline as in the chart 


+ Pr NMe,- AcOH 


Also, (V) + (IT) « (IV) 


There is as yet no definite evidence as to the mechanism of the removal of an electron in the 
above enzymic processes. It may be noted, however, that tetramethylbenzidine (11) could 
presumably exist in acid solution as the salts (Ila) and (11d). It is possible that (1a) might form 
an activated complex (VI) (cf. Saunders and Watson, Part IV, Biochem. ]., 1950, 46, 629) with 
hydrogen peroxide (or with a hydrogen peroxide-peroxidase compound). This on the elimin- 


O ~ 4 Oy of =~ J ws 
(Ia) Mane >< SNHMe, MeHNC >< DSHiMe, (1b) 


ation of water would give the free ion-radical (IV) and a hydroxy! radical! (which may combine in 
pairs, or may immediately undergo further reactions with other substances present), By a 
similar process (11d) would pass directly into (V). This would explain why the orange stage 3 


As 4 > x 


v1.) Me,H = On (IVa.) 


is rapidly reached in the presence of excess of acid. In strongly acid solutions, resonance in 
(IV) is destroyed by the formation of the “ salt "' (IVa) which via a hydrogen peroxide complex 
will also give (V) 

Turning now to the initial stage of the oxidation, a hydrogen peroxide complex of the salt of 
dimethylaniline could similarly give (Ia). There is, however, very little decisive evidence on 
these points at present. 

EXPERIMENTAL. 

Oxidation of Dimethylaniline.—-Dimethylaniline (11-3 g.) was dissolved in acetic acid (ca. 15 ml.) and 
diluted with water (500 ml). More acetic acid was added, to give a clear solution of pH approx. 4.5 
To this solution were added hydrogen peroxide (2 ml.; 20- ) and a small quantity of an aqueous 

i yellow colour immediately ct to green 
#0 mi. been 
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ether and subsequent concentration, deposited 
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Taatn ue onde ae soluble ao eeeeee, ving a reddish-violet 

solution, which was examined c he Lower ve ution with methanol 
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yimethane dye (Found C, 7562; H, 76; N t+. Cale. for the carbinol base of NN N‘’N’N”- 

pentameth ylpar line, C,H yON,: C, 76-8; H. 7-7; N,11-2%). It should be noted that “ methyl- 
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. The filtrate was concentrated by distillation, unchanged 

A hot saturated aqueous solution of picric acid was then 

, the picrate which ated rec from ¢ as yellow leaflets, m. p. 140—141° 
a ry H, 5-4; N, 16-6%). picrate developed a red surface sheen on storage, but this 
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Another portion of the filtrate was extracted with chloroform, both layers being violet. A dark tarry 
solid was formed by evaporation of the dry chloroform extract. A jon of this tar was soluble in 
water, gt an intense violet solution, which on evaporation y a very small quantity of bluish- 
SS ae. The violet solution became successivel ee 

quantities of dilute hydrochloric acid. he acetate was converted, by evaporation 
with wih aiuto h chloe acid, into a deliquescent violet hydrochloride, which resembled the acetate in its 
behaviour. The acetate and the chloride did not possess the lustre of either methyl-violet or crystal-violet 
in the solid state. 

Peroxidase Oxidation of NNN‘'N’- Tetramethyib dine. A solution of tet ethylbenzidine (0-5 
in acetix acid (le a was ol with water to 300 ml. The oxidation was carried out as described E) 
t ish-yellow colour was uced on the first addition of hydrogen 

oxide (in the RK... of eivonigunt. This was im iately ed by an intense green colour 

stage 2) which pr became purple. When the oxidation was performed quickly by 
frequent addition of h P de and the green solution changed to orange (stage 3), 
but this reverted to green on storage. Addition pr Gilute sodium hydroxide to the orange solution 
(stage 3) reversed the colour changes observed during the oxidation, and NN N’N’-tet hylb 
The green solution (stage 2) became orange on the addition of dilute hydrochloric acid, 
and became colourless on the addition of alkali, NN. N’N’-tetramethylbenzidine then separating. 


Oxidation of NNN‘N’-Tetramethylbensidine by Other Agents.(i) By bromine. Tetramethylbenzidine 
(0-062 g.) was dissolved in dilute acetic acid (20 mi.; | 1), and bromine water slowly added from 
a burette. The solution first became intensely green, then orange-coloured, and finally a red precipitate 
began to form when 0.0443 g. of bromine had been adaed. On the assumption that the red precipitate 

which is probably the (C,,H,N,)**2Br,~ | begins to 
, “ " form when all the substituted benzidine has been converted 
Necod’ , ‘soe NMe, |2Br- into the quinonoid compound (4), 0-062 g. of tetramethyl- 
ry ew” a. | ben zidine would require 13 g. of bromine. 
(A). When the oxidation was performed in the presence of 
hydrochloric acid, instead of acetic acid, an orange colour 
was produced immediately and further oxidation produced a red precipitate. The addition of dilute 
sodium hydroxide to the orange-coloured solution produced a transient green colour and then an almost 
colourless precipitate of (11) 

(i) By ferric chloride. When ferric chloride solution was added to a solution of NN N‘'N’-tetra- 
methyl!benzidine in dilate hydrochloric acid an orange-coloured solution resulted. When the oxidation 
was performed in dilute acetic acid solution a colour was first produced, which changed to orange 
on further oxidation. When, in both cases, the orange-coloured solution was treated with very dilute 
sodium hydroxide a transient green colour preceded the separation aa pale yellow solid (11). 

The green colowring matter, This was best prepared in the solid state by the oxidation of NN N’N’- 
tetramethylbenzidine in acetone by bromine water (in absence of acids) 














XQ D is , im + 
mMeNC >< SNMe, + Br, == tMeNC Pant SNMe, + 2Br- 


The unstable green solid gave the test for a bromide, and, when heated, changed sharply at 100° toa 
light-brown solid, which was shown to contain NN N'N’-tetramethylbenzidine. Its green aqueous 





(1950) The Caryophyllenes. Part VIII. 3523 


solution gave, with dilute sodium hydroxide solut_on, hytb dine, and with dilute hydrochdoric 

acid an orange-coloured solution. 

bige tar wan nowt) praca. faded om worage. It hydrogen peronide nas a preset a be 
colour was slowly produc faded on storage. pepe wes present a 

colour was again produced, but this later became violet and 


The aqueme veous solution of the sid at icieaes ie wate oe taf =< -e ~ 
stage. then a solution of Gencthylnniline in Gate ecetic acid wes gTeen 
colour was produced whet quckly became blue and then faded aighty om long storage 
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695. sy aE NG aba Part VIII. The Synthesis of 
2-Carbory-3 : 3-dimethylcyclobutylacetic Acid. 
By T. L. Dawson and G. R, Ramace 
Caryophyllenic acid is either 4-carboxy-2 par or 2-carboxy-3 : 3-dimethyl-cyelo- 
butylacetic acid (1 or II, respectively) since it has been degraded to norcaryophylienic acid 


(111). The acid (11) has now been synthesised ; on resolution it failed to give caryophyllenic 
acid. It is concluded therefore that caryophyllenic acid must be (1) 


tenrperttads ath and enna mee ena 
of caryophyllenic acid, and this appeared to be possible only by synthesis. Caryophylienic acid 
has been shown to be the next higher homologue of norcaryophyllenic acid (III) and can therefore 
be represented by either (I) or (II) (Owen, Ramage, and Simonsen, /., 1938, 1211). A possible 


ne —tHcon "Me —SacHCo4M “nd—en-coyn 
(1) 


am) (111) 


method of synthesis of (Il) arose from a consideration of the condensation of diphenylketen and 
cyclopentadiene which was shown to proceed by | : 2-addition (Lewis, Ramage, and Simonsen, 
jJ., 1937, 1837). This led to an examination of an adduct from dimethylketen and cyclo- 
pentadiene, which on oxidation gave a stable keto-dicarboxylic acid (IV) (Ramage and Simonsen, 
Chem. and Ind., 1939, 58, 447). At that time it was only possible to reduce the acid to the 
corresponding hydroxy-acid and no further, but the examination has been recently resumed 
since Farmer and Farooq (J., 1938, 1925) have also established other condensation products of 
ketens and conjugated dienes as arising by 1: 2-addition. In our experiments the unsaturated 
ketone was purified through its semicarbazone before oxidation with potassium permanganate, 
and the resulting keto-dicarboxylic acid isolated by esterification, fractionation, and subsequent 
hydrolysis. The crystalline cis-acid showed no tendency to lose carbon dioxide and must there- 
fore be (IV), derived from (V), and not the alternative (V1), derived from (VII) 


CH CH, 
4 >» ‘ 

“ENS “EER CRI “ACE 
av.) ‘ . 


The carbonyl group was reduced by Huang-Minlon's procedure (J. Amer. Chem. Soc., 1946, 
68, 2487), and the resulting acid (11) isolated as its dimethyl ester. A smal! quantity of an acid 
product, sparingly soluble in water, was also obtained and is considered to be (VIII) 


ag H-CO,H cH 

(VIIt.) y —fi Ney 2 OK) 
™ . 
\wH-o = ~~] 


The dimethy! ester of (II) on hydrolysis with methyl-alcoholic potash gave a sparingly 
soluble potassium salt from which the (+ -)-frans-acid, m. p. 106——108°, was isolated. From the 
potassium salt mother-liquor, a liquid acid was recovered and converted, by heating it with 
acetic anhydride in a sealed tube, into the cis-unhydride, which gave the (4-)-cis-acid, m. p 
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120-121", on digestion with water. This method of separation was analogous to the very 
similar behaviour of caryophylienic acid 

The oxidation of (V) allowed only a moderate recovery of (V1) as a crystalline product, and 
after the above facts had been established the cis- and the trans-acid were made more readily 
available by carrying out the reduction of (V) to the hydrocarbon (IX). By a modified Wolff- 
Kishner reaction, on the semicarbazone of the ketone (V), 7 : 7-dimethylbicyclo’3 : 2 : Mhept- 
2-ene (IX) was readily available. That no change of bond position had occurred was evident 
when the same cis- and trans-acids were obtained on oxidation as had been prepared from the 
keto-acid (IV). 

The acids had to be resolved for comparison of the active isomers with the (—)-cis- 
and ( +)-trans-caryophylienic acids, m. p. 77-—78"° and 80-—#1°, respectively. Resolution of (I1) 
was achieved by use of the norma! (— }-quinine salts from which the (+ )-trans-acid, m. p. 144— 
145", (2), +242", and the (—)-trans-acid, m. p. 142-143", [a), —24°6°, were recovered 
Similarly available were the (-—)-cts-acid, m. p. 157°, (a), —11°1°, and the (+)-cts-acid, m. p 
157—-158", (al, + 109 

It was obvious therefore that 2-carboxy-3 : 3-dimethyleyclobutylacetic acid (11) is not 
identical with caryophylienic acid, which must therefore be represented by (I) (see also Barton, 
J. Org. Chem., 1950, 15, 457). It is not proposed at this stage to discuss the bearing of this 
formulation on the structure of §-caryophyliene, because of the many conflicting views concerning 
this sesquiterpene, but to await the completion of further experiments now in progress 


EXPERIMENTAL. 
Analyses by Drs. Weiler and Strauss, Oxford 


7: 7-Dimethylbicyclo(3 © 2: OAept-2-en-B-one (V).-Dimethylketen (8 g.; from 20 g. of dimethyl- 
malonic acid) and cyclopentadsene (12 c.c., freshly distilled) were mixed at about — 80° and set aside 
to attain room tem ture. Next day unchanged cyclopentadiene was distilled off at atmospher 
ressure through a short elie te column, and the residue gave 7 : 7-dimethyldicyelo(3 : 2 - 0 hept 

-en-B-one (10-0 g.), b. p. 175-—1 78° Staudinger, Hele. Chim. Acta, 1924, 7, 19) 


The semicarbazone (13-0 g.), m. p. 215", prepared in aqueous alcohol, quickly rated in balls of 
needles. The pure ketone was recovered almost quantitatively by steam-distillation of the semicarbazone 
with an equal weight of oxalic acid, followed by ethereal extraction and fractionation; it had b. p 
72°/15 mm 


2-Carbory-4-heto-3 3-dimethyleyclobutylacetic Acid (1V).—The purified ketone (Vv) (20 g.) in acetone 
(150 ¢ ©.) was stirred, with ice-cooling, during the addition of finely powdered pot ma 
(48 g.) during 12 hours a morning the sludge was filtered, and unchanged ketone ( ) recovered 
from the filtrate. The tate was suspended in water (200 c.c.) and treated with culpicar dioxide 
to remove manganese fonide ¢, and the solution exhaustively extracted with ether. Removal of the 
solvent gave the crude keto-acid (15-7 g.) which was esterified by refluxing it with methanol (20 cc.) and 
concentrated sulphuric acid (3 c.c.) for 3 hours. The ester was isolated with ether, and on fractionation 
gave methyl ae yt 3-dimethyicyclobutylacetate (7-5 g.), b. p. 152°/12 mm. (Found. C, 
67-5; H, 72. C,,H,.O, requires C, 57-9; H, 71%), together with a high-boiling residue 


The ester (6-5 g.) was nyeeert by refluxing it with potassium hydroxide (5-0 g.) in methanol 
(40 «.c.), and the acid (4-5 isolated by ether, crystallised readily. On recrystallisation from concen- 
trated hydrochloric acid carbory-4-heto-3 3-dimethylcyclobutylacetic acid (1V) was obtained in large 
rhombohedra, m 124-125" (Found C, 53-9; H, 5-9%; equiv., 100-2. C,H,,O, requires C, 540 
H, 60%: equiv., 100 Treatment with acetyl chloride gave a liquid anhydride, b. p. 162—167°/16 mm... 
which on digestion with water regenerated the original acid, m. p. and mixed m. p. 124-125 





On treatment of the methyl ester with an aqueous solution of semicarbazide acetate, the semi 
carbazone separated slowly. Most of this product was insoluble in benzene and was crystallised from 
water to give the ester scmncarhbazone as prisms, m o 167-168" (Found: C, 4 , 65; N 
153. C,,H..O.N, requires C, 30-5; H, 67; N, 147%). There was evidence of an isomeric semi 


. 
carbazone which h was soluble in benzene and crystallised on the addition of light petroleum (b. p. 40—60°) 
in needles, m. p. 125-—127° (Found: C, 50-3, H, 67% 


4.Keto-8 | &- dimethyl .2 | 3-diazabicyclo[4 | 2: Ooct-l-ene-7-carborylic Acid (VIII).—The semi- 
carbazone, m. p. 167-168", and saxtiom ethoxide were heated in ethanol at 180° for 10 hours. Water 
was added. the alcohol removed on the water-bath, and the residual solution acidified and set aside. The 
crystalline acid which ~ or was recrystallised from water, giving needles, m. p. 198-—200° (Found 
CC. 562, H. Gi, N 168 ag on hee mene 55-1; H, 62; N, 14-3% The product was identical 
r 


with the substance isolated in the hydrazine experiment described below 


2-Carbosy-4-Avdrosy-3 | 3-dimethylcvclobutviacetic Acid.—The keto-acid (1V) (2 ¢.) was neutralised 
with aqueous sodiam carbonate, and the solution (0 c.c.) reduced by stirring it with sodium amalgam 
(3% ) g.) for 6 hours. The alkaline solution was separated, almost neutralised with sulphuric acid, 
naiderably concentrated, and then acidified and exhaustively extracted with ether in a constant 
extraction apparatus. A crystalline product separated from the ether during the extraction and gave 
2 <arbory-4-Aydrory-3  D-demethvicyclobutylacetic acid (1-1 g.) which recrystallised from benzene-acetone 
in plates, m. p. 183° (Found: C, 53-2; H, 70. C,H,,O, requires C, 53-5; H, 70%). Treatment of the 
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acid with ethereal diazomethane gave methyl 2-carbomethery-4-aydrosy-3 
b. p. 153 156°/3 mm. (Found csr): H, #0. C,,H,,O, requires C, 574, H, 7 


7: 7-Dimethylbicyclo(3 : 2 tens C0 eee cae 69a) S diethylene glycol 
(60 cc.) was added the ketone (V) semicarbazone (10-0 g.), and the mixture was heated at | 
4 hours, the ect being allowed to distil The resulting mobile hquid (5-4 g.) was washed with water 
and dilute sulphuric acid and dried before fractionation. it gave 7 Tdimethylbacychol3 2.0) 2-ene, 
b. p. 131—134", «ff 1-4578, dif 0-8464 (Found : C, 887; H, 11-7 eco oy tae 86-5; H, 116%) 
2-Carbery-3 3-4 hylcyclod aoe oS a 


b _e* b b 
Sar md ae ( 6.) bydrasine hydrate (86% ¢ 


etate. 





xtraction of the solution with ether gave 


. The resulting methy! 2 
. 128-155" /18 mm., redistilled for anal 
PP , requires C, 61-7; H, 6-5%). | by wyahnnend on 
alcobol (18 <‘.), a sparingly solu 
strong cooling. saith washed with olathe 
actdh- 


acetic anhydride at 220° for 6 hours. Fractionation gave the cis-anhydride which on digestion with water 
followed by ether-extraction gave the (+)-cis-ecid. On kept the acid slowly crystallised, and was 

recrystallised from cyclohexane in rhombs, m. p. 120—121° (Found: C, 57-7; H, 7-5. C,H,,0, requires 
C, S80: H, 7-6%) 


Rp tye pers Ld Bs bre pad ce tenn hte ting | pay ang Nal fg wo 
cooling during y O-» Dt y-di te (63-0 Ia IZ hours. Next day 
the sludge was filtered off and suspended in water (200 ¢.c.), and sulphur dioxide passed in to remove 
ioxide. The acidified solution was extracted with ether to give, on removal of the solvent, 
the crude acid (17-5 g.), which was esterified with diazomethane, On fractionation, methyl 4-carbe- 
methoxy-3 : 3-dimethyleyelobutylacetate (14-4 g.), b. p. 119-—126"°/12 mm., aff 1-4450, was obtained. 
The ester was hydrolysed by uxing it with potassium hydroxide (13 g.) and methanol (60 ¢.c.), and, 
by the procedure of separating the insoluble potassium salt described above, gave the (+ )-drans-acid 
(4-7 g.) (crystallised from cyclohexane), m. ee ee ee eS 
keto-acid. The crude cis-acid (6-9 g.) ¥ Cp ers Seeeers 3-dimethy 
butylacetic acid, b. p. 140—144°/3 mm. (Found : C, 63-0; H, 7-0. ~qnneS, 643; H, 5 sO. 


Or 
Digestion with water gave the cis-acid, m p. 120-121" alone or mi witht he corresponding acid from 
the keto-acid 


Resolution of (+)-trans-2-Carbosy-3 | 3-dimethylcyclobutylacetic Acid.— The ( + )-trans-acid (1-000 g.) 
and anhydrous (—}-quinine (1-763 g-) were dissolved im ethanel (16 ¢.c.) end water (90 ¢.<.). The solution 
was filtered and on being kept deposited the salt (1-56 g.) as Three crystallisations from aqueous 
ethanol (2: | by vol.) gave the neutral (+ )-acid-(—)-quinine salt in large rosettes of fine needles, m. p 
121°, (a) —114-4° (in ethanol; ¢, 4-036). The salt was dissolved in aquecus methanol and decomposed 
by addition of ammonia The precipitated quinine was filtered off and the alcohol distilled from the 
filtrate which was then acidified and extracted with ether. Removal of the solvent gave the (+ )-trans- 
acid (0-26 g.) which crystallised from cyclohexane in prisms, m. p. 144-—145°, (a)f + 242° (in acetone , 
6, 1-115) (Found : C, 57-8; H, 7-4, “C,H,,O, requires C, 584; H, 7-6%) 


The acid recovered from the more soluble quinine salt fractions (0-71 g.), m. p. 123—125", [a)f 

17-4", was again treated with quinine (1-24 g.) in aleshol (5 c.c.) and water (10c.c.). After one further 
crystallisation from alcohol the less soluble salt (0-77 g.) was collected, and the combined filtrates 
containing the more soluble salt were decomposed as above and gave the (—)-trans-acid,m. p 142143", 
al —24-6° (in acetone; ¢, 1-084) (Pound : C, 57-7; H,-7-7%). 


Resolution of (+ )-cis-2-Carbory-3 3-dimethylcyclobutylacetic Acid.-—The (+-)-cts-acid (1-000 ¢.) and 
anhydrous ( - -)-quinine (1-742 g.) were dissolved in ethanol (30 c.c.) and water (60 ¢.c.), and on being 
kept the filtered solution deposited the salt Sag g.) as needles. Two crystallisations from aqueous 
ethanol gave this ( —)-acid—( —)-quinine salt (0-76 g.) in large clusters of fine needles, m. p. 202°. 

position of the salt with ammonia gave finally the (—)-cis-ecid (0-25 g.) which c 

pee meny aS ve m Pp 157°, (al? eat (in acetone, ¢, 3-650) (Found § C, 80; CH nee 
requires C, 58 _7-6%). Treatment of the more soluble salt fractions in the manner  deecried 

the trans-acid, gave 3 i’ + )-cis-actd (0-35 g.) which crystallised from cyclohexane in prisms, m. p ne 
158°, a) + 10-9° (in acetone; ¢, 3-060) (Found : equiv., 92-9. C,H,,O, requires equiv., 93-0) 


The authors thank coe Chemical Industries Limited for chemicals, the Chemical Society for a 
research grant, and the Huddersfield Education oy 14 for the samt he Blamires Scholarship awarded 
te one of them (T. L. D.). The other author (G. R. R.) acknowledges the of Professor Sir 
John Simonsen, F_R.S., at the time the experimental work now described was n at the University 
College of North Wales, Bangor. 
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696. The Formula of Sodium Paratungstate. 
By K. Sappincronw and R. W. Cann. 


SO ee 
of some new chemical analyses on sodium 


obtained by gomiometrax measuremen 
these it is concluded that the « a NaeW yOu, ) and an 
attempt is made to correlate this ula with the formula (HW,0,,)*" suggested by Jander for 
the paratungstate anion 


Or the numerous classes of crystalline tungstates which have been reported, three only 
are known for certain, viz.: (1) the normal tungstates in which the ratio WO,: K,O = 1, 
(2) the paratungstates which have been given the formula 3R,O,7WO, by some authors, and 
5Na,0,12WO, by others, and (3) the metatungstates in which the ratio WO, : R,O = 4 

Thus Jander and Jahr (Kolloid Beih., 1935, 41, 18), despite numerous experiments, failed 
to obtain from alkali tungstate solutions crystals of intermediate composition, and Souchay 
(Ann. Chim, 1043, 18, Jan. June issues) in a comprehensive review of the subject, has shown 
that the other classes previously reported are mixed crystals of the three definite classes 
enumerat | 

For the paratungstates themselves a number of different varieties have been reported. Thus 
in Groth's ‘‘ Chemische Kristallographie,” Part Il, 1908, five salts obtained by Marignac from 
solutions of sodium paratungstate are listed together with their crystal data. From his results 
Marignac claimed the existence of five forms, crystallographically different, which he formulated 
as different hydrates of one or other of the two formula 3R,O,7WO, and 5R,0,12WO, Since 
one such salt was obtained on one occasion only, and since in al! cases the material measured was 
not characterised properly from a chemical standpoint, it is very doubtful whether these several 
compounds are tn fact real and distinct. But the decision as to the correct formula of the para- 
tungstates is difficult to make on the basis of analytical figures alone, since the salts are usually 
heavily hydrated and the crystals easily undergo partial dehydration in air. In addition, 
because of the high atomic weight of tungsten, the theoretical difference of tungsten content 
between the two formule is very small. Nevertheless by careful study of the paratungstates, 
Vallance (/., 1931, 1421) decided in favour of the 5:12 formula. In his work, Vallance deter- 
mined the water content by direct ignition of the crystals, and the tungsten as the trioxide after 
treatment of a solution of the salt with cinchonine hydrochloride followed by ignition of the 
precipitate thereby obtained. The content of alkali-metal oxide was obtained by difference and 
the ratio WO, R,O used as a basis for comparison. In Souchay’s work (Joc. -tf.) on the sodium 
salt, the water content was obtained by ignition, and the WO, : R,O ratio calculated from the 
volume of standard sodium hydroxide solution required to convert the tungstic acid portion of the 
acid salt into the normal salt. The results indicate the existence of a salt of ratio WO, : R,O 
2°4, corresponding to the 12: 5 formula, in agreement with Vallance 

The paratungstates and paramolybdates have, in the past, often been considered as formally 
analogous to one another, and the same difficulty of formulation as 3R,O,7MoO, or 5R,O,12M00, 
has arisen for the molybdenum compounds. X-Ray determination of the lattice constants and 
weight per unit cell of ammonium paramolybdate by Sturdivant (/. Amer. Chem. Soc., 1937, 59, 
630) confirmed the analyses of Garelli and Tettamanzi (Ami R. Accad. Sei. Torino, 1935, 70, 382) 
in assigning the heptamolybdate formula 3(NH,),O,7MoO,,aq. to this compound. More recent 
analyses by Lindqvist (deta Chem. Scand., 1948, 2, 88) have confirmed this formula 

In view of the different formule thus ascribed to the crystalline paratungstates and para- 
molybdates, and in furtherance of some work done by one of us (K. 5S.) on the composition of the 
ions formed in tungstate solutions, to which further reference will be made, it was decided to 
apply the X-ray method of analysis to the determination of the composition of crystalline sodium 
paratungstate. In addition some new chemucal analyses on the crystals were performed 


EXPERIMENTAI 


A solution of sxtium tungstate was prepared and its pH, orginally 10-5, was adjusted to 5-2 by 
careful addition of nitric acid. Previous work by Jander (Aolloid Beth., 1935, 4], 21) and by Anderson 
and Saddington (/.. 1949, 5 381) had shown that in such solutions the paratungstate tons are formed 
The final concentration corresponded to a molar solution of the normal tungstate—a value well below 
that for a saturated solution of the normal salt, yet considerably in excess of the concentration corre 
epenene to a saturated solution of the paratungstate. When the solutvon was kept at room temperature 
therefore, crystals of sodium paratungstate slowly separated and were dried on absorbent paper ready for 
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use in the various experiments. It wes found that intergrowth of ey 
by allowing them to deposit on mounds of plasticine immersed im the solution 

Chemical Analyses.—(a) Water. Sn datsiviatendtinnn 60 the tab of exter on tating, Gane Gin 0 
continual decrease in as the temperature was increased to 300°. Further ve rise to no 
further loss im weight. values obtained were 14-08, 13-95, 14-02, 14-05; mean 14-025%,. 


(b>) Sodsum and tungsten. Both metals were determined on the same sees S 
separation being effected removing the tungsten as the volatile ox Pee a Ee 
on the efhciency of this met made with the aid of an authentic sample of 
sodium tungstate. 

(i) Check on 


. No precipitate of tungst 
To a further portion dissolved in water, stannous chloride and concentrated hydroc 
No blue coloration was obtained. 

The absence of tungsten in the residue and the close agreement between the observed and the 
theoretical weight of the sodium chloride residue were taken as satisfactcry evidence of the sufficiency of 
the separation procedure 

(u) Appheation to sodium atungstate. 06293 G. of the anhydrous sodium paratungstate was 
treated as in (i). The oxychloride balks Gesthons t obtained were combined and the tungsten prec ted as 
tungstic acid by the standard procedure cinchonine hydrochloride after oocement with 
chloric and nitric acids The precipitate was filtered off, washed, and ignited to tu en trioxide which 
was then weighed. The weight of precipitate was 0-5656 g. which corresponds to 89-87%, of WO,. 

The residue in the boat righed 01189 g., equiv. to 0-1260 g. of Na,O, i.¢., 10-02%. The theoretical 
“1 of sodium chloride is 0-1190 g. on the basis of the 5. 12 formula and © 1221 g. on the basis of the 

formula 


Found Calculated for 


a ri ‘(a) (6) te) ia 


salt. salt. 3Na,O,7WO,,16H,O.* 5Na,0,12WO, 28H,0.* 3Na,O,.7WO,. 5Na,0,12WO, 
13-73 14-01 





89-72 59-08 


| 10-28 10-02 


Nay 
Molar ratio, 2-39, 2-33 240 
WO, : Na,O 


* The water contents corresponding to the other hydrates reported by Marignac (loc. cit.) differ 
from the observed value by more than 1-5%,. 


873 8-08 


The whole of the residue was dissolved in water and made up to veh mi. Portions of this solution, 
examined qualitatively by the tests described, showed no evidence for the presence of tungsten. Two 
10-ml. portions of the solution were next analysed for sodium content Hod precipitation as the triple 
acetate with uranium and magnesium as described by ys (Lantbruhs- shol Aws., 1037, 6, 45) but 
using the corrected formula NiMg(UO),(CHeCO,).6 6-5H,0 instead of the oater one containing 8H,O 
The weights of the complex acetate so obtained were 0 2 and 0-306) g., which correspond to 10-04 and 
10-01% of Na,O respectively. 

The results of the chemical analyses are summarised in the table. They a: to be in better agree- 
ment with the theoretical values corresponding to the 5; 12 formula than with those based on the 3. 7 
formula 


In anticipation of the X-ray work a duplicate determination of the density of the ee crystals 
was carried out by displacement of xylene at 25°. The density was found to be <1 +9 


Gomometric and X-Ray Measurements.Ten selected crystals were examined on a “ Unicam ” two- 
circle goniometer, the well-marked prismatic axis being set parallel to the axis of the vertical circle 
Most of the faces gave a number of vicinal reflections of approximately equal intensity, so that it was not 
often possible to determine accurate interfacial angles. The best best valees of the angles between the 
prismatic faces were selected from among all the crystals «x d, and ac am = 
over a 12-inch net. On this the best positions for the observed pyramidal poles were found graphically 
An estimated accuracy in the positions of all poles of + 15’ was attained. The otereogram was indexed 
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>) the emplest possible indices to the observed poles. the crystal was of the triclinic pinaconda! 


The following forms were observed 001, 610, 100, 110, ITO, O11, OT), O81. Til TTi. Of these, 100 
and 031 were rare and poorly developed, and 00) was almost invariably imperfect 


The habit was generally prismatic with ¢ as prem axis. Karely, « was the prism axis. or the crystals 
were plate shaped 


Small, well-developed crystals were selected to make X-tay rotation photographs They were set on 
the optical goniometer so that in cach case one of the morphological axes was parallel to the axis of 
rotation. There were sufficient goex! faces for this to be done with an accuracy of a few minutes of arc 
for the a and «anes. Because of the poor quality of (100) and (001) the } axis was more difficult to set, 
and only one photograph was obtamed with good layer lines. The goniometer head with the crystal in 
position was transferred to a Unicam X-ray goniometer, and a rotation photograph made with filtered 
copper Ka radiation, delimited by a fine collimator, Several photographs were taken about each axis 

The diameter of the cylindrical camera (nominally 6 cm.) was accurately measured with a precision 
measering microscope, and a careful mechanical check showed that the axis of rotation coincided with 
the camera axis within ® il mm  Fiducial marks made on the film before development showed the film 
shrinkage to be negligible to the degree of accuracy attained in the experiments 


Layer lines were found in all cases, showing that the morphological axes were also the axes of the true 
unit cell. The axial lengths were fownd by measuring the spacing of several layer lines on each photo- 
graph, and axial ratios calculated from them agreed with the optical ratios within the experimental 
error, The values of the axial lengths were adjusted, within the limits of this error, to make the two sets 
of rates exactly consistent 

The volume of the unit cell was calculated from the 
from this and the density 

Reselts, The symmetry is triclinic pinacoidal 1 and the space-group is, therefore, p1. Constants, 
and estimated maximum errors are 2 « 0 418, Bo NPW +t oe 415; a 
11-77 +0084 6 = 22:19 +0054 ‘ 19-46 £0-02's.. a be 6-531 000 0-560 (4 0-002) 

These axial ratios agree, with an error of about 0-002 with those quoted by Groth (/oc. cst.) for the 
compound Na,W 28,0, except that, by faulty indexing, ¢/b was quoted as double the correct 


value The Sealed density compares favourably with the value of 3-99 recorded by Schetbler, and 
quoted by Groth (lec. eit) 


crystal constants. and its molecular wemht found 


The volame of the unit cell is given by 


\ abe(l cos" « con® 8 com® y 2 cos a cos 8 cos y)t 


from which } (7080 . BO) 1o™ © « 


Since the density m= 401 at 25°. the weight of the unit cell 2080 x 10 « 401 «. and the 
molecular weight of the unit cell,” +.¢., its weight compared with that of the hydrogen atom as anity 
= (2080 « low 401) (1-66 «© lo) 7197 + 70 
The molecular weights corresponding to the two a which have been ascribed to sodium 
paratungstate are Na,W,O,, 16H,0, 2008, Na,,W,,0,,.28H,0, 3508. When the molecular weight 
of the unit cell is divided by these values, the quotients are 3 43 + ©0603 and 2-00 + 0-02 respectively 
Since the quotient must be an integer it is considered that the second formula is correct 


CONCLUSIONS 
The chemical analyses show that in crystalline 
Na: W HOw 5.6.14 
The crystallographic results indicate that the crystal contams an asymmetric unit 


might contain more than one crystallographically distinct molecule, of 
corresponding to 2Na,W 0, 28H,O 


sodium paratungstate the ratio 


. which 
gross composition 


In addition to these facts further evidence, relating to the constitution of the ions in the 
sslution from which the sodium paratungstate crystallises out, must be considered in order to 
obtain a true picture of the molecule Jander et al. (Kolloid-Beih., 1935, 41, 18; Z. physihal 
Chem, 1942, 190, 105) state that in solutions less than I°2™. in tungsten the largest aggregates 
formed are hexatungstic sons and that the formation of a dodecatungstate jon is apparent only 
in stronger solutions of pH less than 3. From such solutions the crystals obtained are those of 
the metatungstates The absence of a dodecatungstate jon in dilute solution is confirmed by the 
work of Anderson and Saddington (lec. ct.) whose results on the diffusion of tungsten ions, whilst 
not confirming unequivocally the presence of a hexatungstate ion, nevertheless do not permit 
the assumption of a 12-fold state of tonic aggregation 

The correlation of this evidence from studies of the salt both as solid and im solution lead to 
the conclusons that part of the water in the crystal is constitutional and that the composition of 
the unit cell in the crystal is given by 4 « Na, HW,O,,).47H,O 

These conclusions are in agreement with the chemical analyses, with the demonstration that the 


unit cell hus a molecular weight of 7196, and with Jander » statement (lec. cit.) that the solutions 
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from which the crystals are obtained contain the (HW,O,,)*" ion. The mode of aggregation of 
tungstate ions in solution proposed by Jander on the basis of conductimetric and thermometric 
titrations and supported by Souchay (Amn. Chim., 1043, 18, 72, 178) on the basis of potentic- 
metric titration, viz. : 

6(WO, aq.) + TH* => (HW,O,,.aq.)*" + 3H,0 


thus receives further support from the present work 

Finally, the formula 2Na,/HW,O,,),27H,O in which one molecule of water is constitutional! 
suggests the firmer retention of this molecule. This has not been observed; but in the 
experiments on the loss in weight of the crystals as a function of temperature it was impossible 
completely to dehydrate the salt without decomposition, leading to the formation of insoluble 
tungsten tnoxide. The decomposition appeared to commence before all the hydrate water had 
been driven off 


the metal oxides before the chemical analyses, and for ‘ul discussions, and the Director, Atomic 
Energy Research Establishment, for per to publish paper 


r 


The authors thank Dr. J. S. Anderson both for his rept regarding the method of separating 
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697. Quaternary Ammonium Salis. The Formation and Decomposition 
of Ethyldimethylanilinium Salts. The Synthesis of N-Ethyl-N-methyl- 
anilines. 

By Hussem A. Fanm and Manmoup Gatasy 


Preparation of some quaternary ethyldimethylanilinium salts containing substituted ghost 
groups is described. The nature as well as the position of the substituent markedly influence 
both their formation and their decomposition. The readiness with which these salts are 
decomposed provides a valuable method for the synthesis of \’-ethyl-N-methylanilines. 


Formation of Quaternary Ammonium Salts —Ali the quaternary ammonium salts investigated in 
this work were prepared by the action of ethyl sulphate on the dimethylanilines. Tertiary bases 
with substituents such as methyl, alkoxyl, or halogen react readily. Dimethy!-p-toluidine, in 
particular, added ethy! sulphate very smoothly, possibly owing to the relatively high electron- 
releasing power of the methyl group (cf. Baker and Nathan, /., 1935, 1844) 

Tertiary bases, with substituents such as NO,, combined less readily. Of the three isomeric 
dimethylnitroanilines the ortho-isomer failed to give the quaternary ammonium salt when heated 
with ethyl sulphate or iodide. The nitro-group, especially in the ortho-position, generally 
hindered formation of quaternary salts (cf. FriedlAnder, Monatsh., 1808, 19, 627; Zaki and 
Fahim, /., 1942, 270). p-Dimethylaminobenzaldehyde gave a very poor yield of the quaternary 
ammonium salt, probably owing to the large amount of tar formed 

Dimethy!-3-nitro-p-toluidine with excess of ethyl sulphate at 120—130° gave a product from 
which a picrate was isolated. This was not the quaternary picrate, but has not yet 
been identified 

The failure of ortho-substituted tertiary bases to give quaternary salts could be attributed to 
chelation. For example, the annexed structure is suggested for xylidine which does not add 
methy! iodide (Fischer and Windaus, Ber., 1900, 33, 345). Evans and his co-workers (/., 1939, 

R 1348) also discussed the possible existence of a semi-bond between the two 

nitrogen atoms of dimethy!-o-nitroaniune. 
| { Decomposition of Quaternary Ammonium Salts. —The thermal! decomposition 
CH, of the ethyldimethylanilinium salts led to the tertiary base as usual, with the 
loss of the alky! halide. Ten ethyidimethylanilinium halides decomposed with 
loss of methy! halide and formation of the corresponding N-ethyl-N-methyl- 
anilines. Ethyldimethyl-a- and -$-naphthylammonium iodides similarly decomposed to give 
N-ethyl-N-methyl-2- and -§-naphthylamine, respectively. On the other hand N-ethyl-o- and 
-p-ethoxy-NN-dimethylanilinium halides and ethyldimethyl-p-toluidinium halides gave a 
mixture of the corresponding N N-dimethyl- and N-ethy!-N-methyl-anilines 

In the ethyldimethylanilinium series a methy! group (which was the smallest group) left the 
molecule readily on thermal decomposition. This had been deduced by other investigators 
(Collie and Schryver, /., 1890, 767; von Braun, Annalen, 1911, 382, 1); but it proved not to be 
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always true, for in the diethyimethylanilinium senes (unpublished work) the ethyl group tended 
to be the more readily eliminated it is concluded only that in thermal decomposition of 
these quaternary salts the formation of the mixed alkyl-aromatic tertiary bases ted. 

Therma! decomposition of N-ethy!-2-methoxy-N N-dimethy|-4-nitroanilinium iodide gave 
2-dimethy lamino-5-nitrophenol 

With the exception of N-ethy!-2-methoxy-N N-dimethyl-4-nitro- and ethyidimethy!-4-sitro- 
anilinium halides, which on decomposition by sodium ethoxide gave the & phenetole 
derivatives, the quaternary ammonium salts investigated were decomposed by the alkali in the 
same way as by heat. 


EXPERIMENTAL 


(The compownds prepared are recorded im the annexed tables } 


The following procedures were used in the preparation of ethyldimethylanilinium salts. The ethyl 
oe ee which were hygrosc ot viscad, were heating the tertiary base with ethyl 
sulphate a ee, todide, hlorate were to the fairly concentrated 
solution of the et ide, and sodium perchlorate, 


iphate a saturated eqletion of pieric acid, potassium 





reapectively 


Cota pound 
N-Ethyl-p-methoay- NN 
dimeth ylanihnsum 


perchlorate 
Lnmethy!-p-animadine 


perate 
N-Ethyl-N-methyt-p 
anisidine pirate 
N-Ethylt-o- methoay-N.N 
dimeth ylanthaiwm 
rate 
fodide 
perchlorate 
Limethyl-o-aniadine 


prerate 
N-Ethyt- N-methy!-o- 
anmuline tate 
p- Ethoxy-N-ethyl VN 
dimeth ylanitlinium 
pe rate 
chlorute 
hlorate 
Dimethyl p- phenetidioe 
“rate 
oEthoxy-N-ethyl NV NV- 
dimethylanihinium 
pe rate 
tochidde 
perchlorate 
Dimethy!.o- phenetidine 
prrate 
N-Ethyl-N-methyl-o- 
»henetidine parate 
Ethyldimethyl-p tatu 
hiinsum picrate 
toxticde * 
perchlorate 
Ethyldimeth yl-m-tolu 
idiniam picrate 
tot vc 
perchlorate 
N-Ethyl N-methyl m 
toluadine pirate 
Ethyldimethyt-c-tolu 
idiniam picrate 
toddicdde 
perchlorate 
V Ethyl. N-methyl-o 
toluidine picrate 


les 149 
156 156 
oi--92 


137-138 


117-118 


tz 
192 
186 


142-143 


l4l——142 


hello 
S54 (indef) 
en | 


134 135 


132 
17% 
ise 


i33 
iso 
i) 
iso 

(decomp } 
1 1 
tee 14s 
15-155 
169 --7lo 


131-132 
115 (indef 
Mw 6 


los 
110 


tae 
isi 


til 
187 
152 


139 


Crysta 
solvent 


H,O 
BtOH-Et,O 
Hw 


H,O 
EtOH-Et,0 
H,O 


H,O 
cOMe, 


H,O 


H,O 
EtOH Et,O 
H,O 


HO 
MeOH-Et,O 
COMe,-pet.* 

H,O 

Bor Et,0 

H,O 

aq. EtOH 

H,O 
RtOH- Et,O 

Hy 

aq EtOH 


* Pet 


Found, % 
‘ H N 


ws 49 
(tL, 41-7) 
(Cl, 12-3) 


475 #1 165 


ss6 0647 «42 


ww? 49 
i, 41-2) 
(Cl, 12-7) 


474 41 «166 


487 45 «#1399 


51-2 5&2 13:3 
(Cl, 15-4) 
(Cl, 12-3) 


489 46 «142 


512 53 
(1, 39-4) 
(Cl, 11-7) 


45 G1 


497 47 

MS 40 
(1, 44-0) 
(Cl, 13-5) 


520 5&1 
(1, 43-9) 
(Cl 13-7) 


4-4 


ws 48 150 

520 (OS 
(1, 43-5) 
(Cl, 13-4) 


138 


M7 450 


~ hight petroleum 


Formula 


H 
raat ee 
C),H,,0,NCI 
C,H ON, 


. eH ON, 


> »H,O.N 
ie 
Mm ONT 
H,,O,NQ 
“pH, .OeN, 


sath Oe, 


‘el yON 
Hat sfc 
‘yO NCI 


“yo pO, 


elt, 
yeti, ONI 


HO NCI 
“pall pol N, 
HON, 
wH,ON, 
gp ttygNT 
oy, O, NCI 
“47H,O,N, 
“yy Hy gNI 


oll - ) NC ! 


salt gf Ng 
wHyO.N, 


ut vaNl 
»H,,O,NC 


‘ rH OWN, 


Required, %, 
‘ H N. 


Oo 49 13-7 
(1, 41-4) 
(Cl, 12-7) 


474 42 #47 


467 46 M42 


512 52 13-3 
(Cl, 15-5) 
(Cl, 312-1) 


87 46 «#142 


S12 62 133 
(1, 39-6) 
(Cl, 12-1) 


487 46 «#142 


wo 49 #137 


20 «6&1 
43.6) 
13-5) 


43 
(cl 


520 G1 
(1, 43-6) 


(Cl, 13-5) 


143 


os 48 148 

520 G1 
(1, 43-6) 
(Cl, 13-5) 


143 


ws 48 148 
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Compound. 
p-Bromopheny!-N -ethyl- 
NN-dimethylanilioiom 
picrate 
iodide * 
perchlorate 


M. p. 


192 
198 199 
p-Bromo-NN dimethyt- 136—137 

aniline picrate 
m-Bromo-N-ethyl- N N- 
dimethylanihnium 
picrate 


perchlorate 


m-Bromo- N N -dimethyl- 
aniline picrate * 
m-Bromo- N-ethyl-\- 
methylaniline picrate 
o-Chioro-N -ethyl-N N- 
dimethylanilinium 
picrate 


iodide 


128—-129 
156— 157 


122—123 
118 


perchlorate 
o-Chloro- N-ethyl-\- 
methylaniline picrate 
Ethyldimethyl-p-nitro- 
anilinium picrate 154 155 
rodide 157-167 
169 


perchlorate 
N-Ethyl-N-methyl-p- 
nitroaniline 
Ethyldimethyl-m-nitro- 
anilinium picrate 10 
iodide 166167 
perchlorate 18}——182 
N-Ethyl-N-methyl-m- 
nitroaniline picrate 
N-Ethyl-p-formy!-N N- 
—— ee 


126-—127 


picra 142-143 
N- Ethyl: 2-methoxy-NN- 
dimethy!-4-nitroanil- 
intum picrate 
iodide. 
perchlorate 
2-Tnmethylamino-5- 
henol 


Ethyl-2: N : N-trimethyl- 
5-nitroanilinium 
picrate 
iodide 


136—137 
157 
180 


100-101 


165 

175 

perchlorate - 

Dimethyl-4-nitro-o-tolu- 
idine picrate 

N-Ethyl!- N-methyl-4- 
nitro-o-toluidine picrate 

Ethyl-2 : N : N-trimethyl- 
p-nitroanilimium picrate 

Dimethy!-5-nitro-o-tolu- 
idine picrate 

——e ag pees 


Ethyldimethyl-e-naphthy!- 
ammonium picrate 
todide 
perchlorate 


100-101 
166— 167 
175. 


Crysta. 
solvent. 
H,O 


EtOH-Et,0 
. 


H,O 
MeOH-Et,O 
H,O 


aq. EtOH 


H,O 
COMe,~pet.* 
H,0 
aq EtOH 


H,O 
MeOH 
H,O 
EtOH 
HO 
MedH 
H,O 
aq. EtOH 


H,O 
HO 
MeDH 
H,O 
Pet * 
H,O 
MeOH-Ft,0 
H,O 
aq. EtOH 
H,O 


H,O 


ihe 


Found, %,. 
Cc. HM N.z 
42:1 38 24 
(Br, 17-6) 
(total halogen, 
393 uty 130 
(Br, 18-5) 


419 a7 123 


(Br, 18-0) 


13-6 


(ci, 11-9) 


9 66 154 


45 38 163 
(i, 39-9) 
(C1, 12-5) 
34 


“40 174 


ci, 1nd) 


526 65 Wl 


467 43 
(1, 382) 
(Cl, 11-8) 


442 39 168 
16-8 
16-1 
16-9 


16-8 


45 #1 
43 
38 
37 


46-58 
44-0 
43-9 


63 48 
(I, 38-9) 
(C1, 11-8) 


132 C,H,O 


Fahim and Galaby: Quaternary Ammonium Salts. 


Formula. 
C4.H,,0,N, Br 


C,H,,0,NOBr 
CH ON, Br 


C eH, ,O,N,Br 
C,H, NBrl 

C,H ,,O,NCIBr 
CyH,,0,N, Br 
C,,H,,O,N,Br 
C,,.H,,0,50 
C,H, NCI 


CyH,,O,NC, 
C,,H,,0,8,C1 


Cue ON, 

Cre sOpNol 

C Ht ,,OgN,CI 

C,H 29,N, 
C,H 1, 

C wit as ON, | 


C wel, ,O,N,Cl 


c wl ON, 
C,,H,,O,N, 


Cronk! 
CUHNO,N,Cl 
C,H yO, 
COHMOND 
C\'H,,0,N,C 
C,,H,,0,N, 
CyH,,ON, 
CyyHyON, 
Cu ON, 
C,,H,,90,, 


C,H tee 
Cyl ONO 


420 


3531 
Required, 4. 
Gc. @ A. 


420 37 #123 
Br, 1 


37 123 


(cl, 12. 1) 


00 67 156 

44 = 40 
(1, 30-4) 
(Cl, 12-1) 


16-5 


“40 37 #171 


2 44 198 


60 42 
(I, 36-1) 
(Cl, 10-9) 


15-5 


527 6&6 14 


467 43 160 


(1, 37-8) 

(Cl, 11-5) 
“0 37 
454 


467 
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Cryste Found, % Required, 
Compound Mp solvent c H N Formula ac. fs. BK 
N-Ethyl \-methyl-«- 


hyl-#-naphthyl- 
ammomam pirate, 133- 1h * EtOH 40 46 128 C,HLO.N, M1 47 1 
bolicte ¢ 1M-—155 MeOH-Et,0 a — - 
perchlorate 137 138 H,O (Cl, 11-8) CyH,,O,NC (Ca, 11-9) 
N-Ethyl N-methyl-8 
naphthylamine picrate 188-189 COMe,H,O 560 @42 136 C,,H,.O.N, 551 43 136 


' Doja Y Indian Chem. Soc, 1936, 18, 528) gave m. p. 196". * Jones and Hill (/., 1907, 2083) 
ave m p. 180°. * Vorlander and Siebert (Ber. 1919, 68. 205) gave m. p. 134-138", Hodgson and 

@ itholson (/., 1941, 766) gave m. p. 182°. * Reychler (Bull, Soc, chim., 1902, 87, 971) gave m. p 
isz 


145" aq. ROH 550 64 133 C,H,O.N, S61 43 135 


Thermal decomposition of the quaternary ammonium salt (generally the iodide) was effected 
by heating the salt above its m. p. for some time. Decomposition with alkali was effected by heating 
the quaternary salt and slightly more than two equivs. of metallic sodium in absolute alcohol under reflux 
for Shours. The tertiary left behind in both cases was identified generally as the picrate 


Pouwao | Usrvemsirry, Pacetry oF Sctence, 
Appassia. Cano Recewwed, August 2nd, 1950.) 


698. Molecular Polarisation and Molecular Interaction. Part IV. 
The Molecular Polarisation of Diphenylamine in Solution in Benzene, 
Dioxan, and Mixtures of Benzene with Nitrobenzene, Triethylamine, 
and Pyridine. 

By J. W. Serre 


From measurements of the dielectric constants, specific volumes, and refractive indices 
oft dilute solutions at 25°, and on the assumption that the total distortion polarisation is given 
by 105: Xp the apparent dipole moment of diphenylamine has been determined as 1-41 p 
in benzene and 1:26 pin dioxan. The apparent molecular polarisation of diphenylamine at 
infinite dilution in benzene containing nitrobenzene is slightly less than in benzene alone, 
but in benzene tnethylamine and benzene pyridine it is considerably greater than in benzene 
The high values in these cases are attributed to hydrogen bonding of the hydrogen atom of the 
amine to the electron-donor nitrogen atoms of the triethylamine and — the particularly 
large effect in the presence of pyridine being associated with the highly mobile electron system 
of this compound 


In Parts | and II (Pew and Smith, /., 1949, 753, 2663) it was shown that the apparent dipole 
moments of aniline, methylaniline, and their nuclear-substituted derivatives are much higher 
for dioxan than for benzene solutions, whilst the moments of dimethylaniline and its derivatives 
and of » and tert -butylamine are almost equal in the two solvents. This evidence supported 
the wiew that large differences between the values of the moments in the two solvents are 
associated with hydrogen bonding between the hydrogen atoms of the primary or secondary 
amine group and the oxygen atoms of the dioxan molecule The rather surprising result with 
the primary alkylamines was attributed to thei lees acidic character and to the fact that there 
is no possibility of resonance structures which would facilitate the bonding of the hydrogen 
atoms 
In view of these results it seemed probable that a very pronounced effect might be observed 
with diphenylamine, which has a relatively low dipole moment in benzene solution and for 
which, therefore, any increases in apparent moment in other solvents caused by hydrogen 
bonding should be more accurately determimable It was also desirable to determine which 
other groupings, im addition to the ether grouping in dioxan and ethyl ether, are able to 
participate in the formation of hydrogen bends with resultant increase in the molecular 
polarisation of an amine. In this connection the nitro-group, known to yield both inter- and 
ntra-molecular hydrogen bonds with phenolic groups, was one natural choice, and, owing to 
strong prot@n-accepting character, the tertiary aliphatic amine group was another. It has 
cen observed that the presence of pyridine causes a very considerable increase of the apparent 
lecular polarisation of alcohols (Cleverdon and Smith, Chem. and Ind, 1948, 29, and un- 
blushed results), so it was also of interest to test its effect in the case of amines 
To study the effects of these groupings it was necessary to work with ternary systems, as 


, 
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the dielectric constants of pure liquid compounds suitable for the purpose are so high that a 
change in the apparent molecular polarisation of a proton-donating solute might be obscured 
by other factors. The molecular polarisation of diphenylamine in benzene and dioxan solution 
has therefore been studied. In addition, measurements have been made with solutions of 
diphenylamine in mixtures of benzene with nitrobenzene, triethylamine, and pyridine at 
concentrations such that the solvent mixture had a dielectric constant not greater than about 2-7. 

The results are summarised in Table [, where the symbols have the same significance as in 
the previous communications. In each case the molecular polarisation and molecular refraction 
of the diphenylamine have been calculated on the usual arbitrary assumption that the values 
for the solvent remain constant, a supposition which is unjustified for the solvent mixtures 
but which serves to illustrate the difference in behaviour in the various cases. The values of 
»# in column 6 are derived on the common assumption that P,,, = 105 R,), and those in 
column 7 on the assumption that P,. , «~ ‘Ry’ 


Taste L 
Diphenylamine in various solvents 
> Rp » (D.) a (D) 
Solvent. e. 8 B ca (Pei, @ LOR Ry). Ue. a Rp!) 

1-132 oO 2480 47.3 ioe loa 
1 808 0-0707 Sas 1-261 1317 

wt.-% Nuitrobenzene 
0-959 0 2369 57.3 0-983 1.052 

Triethyl- 

amine in benzene 1-476 0 2808 Mv 1-273 1-327 

61812 wt-%, Pyridine in 
benzene ... 2-080 02273 110-00 57.4 1.5508 1 64 


The only previously recorded measurement of the dipole moment of diphenylamine appears 
to be that of Leonard and Sutton (J. Amer. Chem. Soc., 1948, 70, 1565), who found the value in 
benzene solution to be 144 pb. if the total distortion polarisation is taken as equal to [#,), or 
0-99 bv. if it is taken as 105/R,). The present result for benzene solution is in reasonable 
agreement with this observation 

As was expected, the apparent dipole moment of diphenylamine in dioxan solution is higher 
than in benzene, the difference being about the same as was observed in the case of aniline 
In the benzene—triethylamine mixture the value was about the same as in dioxan, but the 
apparent moment was much greater still in the benzene pyridine mixture, although the pyridine 
concentration was relatively lower than that of the triethylamine. At first sight this is surpris- 
ing, since it might be expected that triethylamine, a much stronger base than pyridine, would 
exert a greater attraction upon the hydrogen atoms of the NH groups. However, the greater 
increase in molecular polarisation observed in the presence of pyridine need not indicate that 
the degree of hydrogen-bonding association is greater in this case, but may be associated with 
the much higher electron mobility in the pyridine, compared with the triethylamine molecule, 
leading to greater electronic shifts when association occurs. The relative behaviours of pyridine 
and tnethylamine appear to bear some relation, in fact, to the previously observed difference 
between the primary aromatic amines and the butylamines in dioxan solution. With pyridine 
and diphenylamine both molecules have mobile electronic systems, whereas with dioxan and 
aniline or tnethylamine and diphenylamine only one of the molecular types has any great 
electron mobility, and with dioxan and the butylamines the electrons are relatively immobile 
in both constituents. On the other hand, the fact that simple aliphatic alcohols show an even 
greater increase of molecular polarisation in the presence of pyridine than does diphenylamine 
may be due a greater degree of hydrogen bonding in the case of the alcohols 

It was rather surprising that the apparent molecular polarisation of diphenyvlamine at 
infinite dilution in the benzene-—nitrobenzene mixture was slightly lower than in benzene, 
and the values at finite concentrations lower than would be expected in benzene solutions of 
equal dielectric constant. When, however, the results are recalculated as solutions of nitro 
benzene in benzene-diphenylamine mixtures, the molecular polarisations of which are assumed 
to remain unchanged in the presence of nitrobenzene, the derived values of the molecular 
polansation of nitrobenzene are almost exactly equal to the figures obtained by Jenkins (/., 
1934, 480) and by the author (unpublished) in solutions of equal dielectric constant in benzene 
alone. This illustrates the error which may be introduced in assuming that the molecular 

, polarisation of a polar solvent remains constant, and indicates that the lower apparent dipole 
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moment of diphenylamine in this solvent mixture is due to the vanation in the molecular 
polarisation of the nitrobenzene At the same time it must be inferred that at the concen- 
trations studied there is in this systern no hydrogen bonding which leads to an enhancement of 
the polarisation 

it i» also worthy of note that the molecular refraction of diphenylamine is appreciably 
higher tm dioxan than in benzene, whilst in the mixtures of benzene with nitrobenzene, tnethyl- 
amine, and pyridine the value is, within the limits of experimental error, the same as in pure 
benzene It was also found in Part I] that the differences in molecular refraction in different 
solvents do not follow the differences in molecular polarisation. The measurements then made 
indicated that the molecular refraction could be higher in dioxan than in benzene for solutes 
which showed no such abnormality in molecular polarisation and which could not associate 
with dioxan by hydrogen bonding. The present results show that the molecular refraction 
may be normal! in systems in which the molecular polarisation is abnormally high, presumably 
owing to hydrogen bending. It must therefore be inferred that the factors involved in the 
variation of the molecular refraction with solvent differ from those concerned with molecular 
polarisation 

EXPERIMENTAL 

Matertals —- Benzene and dioxan wore purified as described previously (/.. 1949, 753) 

Commercial “ pure diphenylamine was redistilled twice under reduced pressure, the solidified 
product, crushed and stored over phosphoric oxide, had m. p. 53-5" 

Nitrobenzene from thiophen-free benzene was redistilled under reduced pressure, fractionally 
crystallised four times, recdistilled again, and dried (Na,SO,, followed by P,O,); it had m. p. 5-7 

Iriethylamine was purified by recrystallisation of the hydrochlorule, followed by liberation of the 
base with calciam oxide. The product was dried (HaQO) and redistilled; it had b. p. 80-4 

Reagent grade pyridine was reflaxed with 





te, to oxidise homologues, dried 


(KOM), tractionally distilled, and stored over hho it had b. p SS 


Taste Il 
Polarisation data for solutions of diphenylamine in various solvents 


100w, fs Ore Pip © Py c« Mp Tu ce. (Rp), c At iw, Ac/w, 


0 0000 
0 wl 
11451 


14458 «640-34000 - O- 33544 

14218 O 34230 0 33548 O241 
i4i8? © 34251 0 33540 g o-241 
2.0627 i3e62 «60 34578 0 33558 7 O22 
3 6007 13566 0-34585 O 335564 7 O24 
45765 13207 «6960-34717 f 33548 0-254 
s 4862 12351 oO 30245 7 033552 O24 


2 06 he te te 


oO O008 eoTIs®)§ = 6«O-f78er oO24612 -- 

1 low? OoT202 O&O 2RITI 024726 § 0-070 
1 7086 ‘ OOTIM O-28355 024706 0-072 
2 lees 2 #97126 0 28463 . oO 24834 : 0-070 
3.5765 ©97T024 6 28835 0 24076 0o71 
Sasiz © 06807 «6©06-20331 e273 0.25167 58-87 O07 
12 3e27 O41 O&O B104Gl woa7 0 25837 ‘792 9-070 


28051 at .%, Nifrobenzene in benzene 
13488 «6 40038 14989 8=6©§ 33317 
1soa8 «6041056 774 10015 ©3333! 
12385 «=O 4128) 79-37 10%) §=690-33333 
1Li74) = 4ldoo 7¥.00 15123) 0-33375 


0.0000 

19123 
46431 
97746 


Se #6 te 


11-7083 et -%, Triethylamine in Benzene 
00000 17248) «6 35596 14838 8 66-33533 
24215 16563 «60 35081 sio3 14872 © 33537 
Se217 15682 40 36000 ow 53 14823 «6633551 
72300 15221 6036822 #17 1493 633556 
s 1676 242 14057 0 30004 s9 70 14965 033552 


G- 1812 at -%, Pyredime om benzene 
O-O0On) isé42 «2608-41163 14993 «6968-33386 
2evas 2 13176) «6 4leel 108-73 15020) «6633400 
2 6876 2758 19031 ©4177 107 9 128 033402 
5 S482 § 12375 «6©8-42350 «6106-14 1065 O3Ml4 
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Methods.— The dielectric constants and specific volumes were determined by Go outed Contes 
= Suse 5, hae Se oes ree ane ap pet Abas sctvachemater 
molecular polarisation at infinite tion ( ) apparent moment (a) were 
same methods as previously. ” 


Results.—The experimental results are recorded in Table II, where the symbols have the same 
significance as previously. 
Tasie III. 


Nutrobensens in diphenylamine—benzene 


Pr, in benzene (c.c.) 


Table III shows the results for the trob ine re-evaluated as 
solutions of nitrobenzene in benzene ylamine mixtures. s. The values of «, and », for these 





* solvents "’ are derived from the meters deduced from the measurements on the benzene—diphenyl- 
amine system, whilst the figures oted P, in benzene are the molecular polarisation values of nitro- 
benzene in benzene at such a concentration as to yield a dielectric constant equal to that of the solution 
in question. 


My thanks are offered to the University of London for a grant from the Central Research Fund for 
the purchase of apparatus, and to Imperial Chemical Industries Limited for the loan of a precision 
variable air condenser 

Derartment or Cuemistey, Beprorp Cottece ror Women, N.W.1 

(Received, August 16th, 1950.) 


699. Determination of Association * Several Organophosphorus 
Acids, 


By G. M. Kosotaporr and J. 5. Pows.. 


The determination of the apparent molecular weights of representatives of the 
various famihes of organophosphorus acids in naphthalene was performed. It was shown 
that the substances that possess “true acidic properties display association, probably by 
hydrogen-bonding; substances lacking acidic pr jes are monomeric. Acids of type 
R-PO,H, form trimeric aggregates ; acids of type R- H, form polymers of variable magnitude ; 
acids of type R,PO,H form dimeric aggregates 


THERE 1s a significant lack in the chemical literature of knowledge about the states of aggregation 
of the acids of phosphorus which bear one or two organic radicals bound to the phosphorus atom 
In order to interpret the physical and the chemical behaviour of the various families of such 
compounds, it was necessary first to secure some information concerning the probable molecular 
status of these substances in solution. The most elementary approach to the problem, of course, 
is the cryoscopic procedure. 

Preliminary data obtained with benzene solutions of some dialkyl] phosphites, with pheny|- 
phosphonous acid (Ph:-PHO-OH), and with the mono-#-buty] ester of the acid have been reported 
elsewhere (J. Amer. Chem. Soc., 1950, in the press). Further investigation confirmed the results 
secured with the model compounds mentioned above and was extended to other representatives. 
It was found, at very early stages of the investigation, that none of the common solvents that 
melt in the vicinity of room temperature provides a sufficient range of solubility for proper 
investigation of the compounds in question; naphthalene was therefore used. It was realized 
that the necessarily high temperature in such determinations might cause complete monomer- 
ization of any aggregates that could exist at substantially room temperature; however, even 
at temperatures around 80° the various aggregates were found to exist in substantially the same 
state as had been found in model experiments at low temperature 

A simple apparatus (see Experimental section) was constructed for these determinations and 
the device should be fully applicable to similar determinations with other materials of moderately 
high melting point. 

The determinations of the cryoscopic molecular weights of a number of aromatic phosphonous 
acids indicated clearly that even at 80° these substances tend to approach the trimeric state. A 

10k 
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progressive increase of concentration of these substances in the naphthalene produces an 
asymptotic approach of the cryoscopic molecular weight to that of a trimer. Obviously, the 
effects of dilution and of the relatively high temperature cause some dissociation, but, even at the 
lowest concentrations used, the results are rather close to those expected of trimers. It is 
reasonable to assume that such an aggregate is cyclic, retaining its form by hydrogen bonds 
between the oxygen atoms. The bond undoubtedly involves the hydrogen of the one existing 
hydroxy! function on the one hand and the “ singular “ oxygen of the adjacent molecule on the 
other The results obtained with the other series of phosphorus derivatives seem to preclude 
the possibility of the hydrogen bond involving the hydrogen attached to phosphorus in the 
commonly accepted formulation, K-PHO-OH = The aliphatic members of this series would have 
made a useful addition to our study, but all are liquids, the purity of which is dubious 

It is of interest that the trimeric, probably cyclic, aggregation of phosphonous acids is 
reflected very well in their solubilities. All these substances are at best sparingly soluble in 
water, but dissolve more or less readily in non-polar solvents. Elevated temperatures are 
necessary in many cases, it is trae, but all of these acids recrystallize from benzene 

Only one example of the type R,P-OH was investigated, as this (K « p-Me,N-C,H,) is the 
only known phosphinows acid. As might have been expected, this substance, lacking a true 
acid function, was found to be a monomer, as were the dialky! phosphites, (RO),-P*OH 

Acids of type R-PO,H, (phosphonic acids), which have two acidic functions, presented a 
rather different picture’ The aromatic members proved to be essentially insoluble in non-polar 
suivents and, except with the parent substance, phenylphosphonic acid, no satisfactory results 
could be obtained even with naphthalene as the solvent. The minute freezing-point depressions 
obtained at the limited concentrations possible were worthless. The aliphatic members were, 
however, satisfactorily soluble and the results obtained with them and some not very accurate 
results with the less soluble benzene derivative clearly indicated a progressive rise of apparent 
molecular weight with increase of concentration The size of the aggregate goes beyond that of 
a hexamer for the more concentrated solutions, and no definite limiting size could be established 
The apparent formation of a linear polymeric aggregate goes hand in hand with the relatively 
high solubility of the members of this family in water and the relatively poor solubility in non- 
polar solvents 

The acids of type R,PO-OH (phosphonous acids) were generally readily soluble in naphthalene, 
the sole exceptions being the di-o-methoxypheny! and bis-p-dimethylaminopheny! compounds 
which were too insoluble. These acids, resembling as they do the carboxylic acids in the constitu- 
tion of their acidic function, were found to resemble the monocarboxylic acids also in their 
association. They were clearly dimeric. The reason for the hydrocarbon-insolubility of the 
emethoxypheny! member is not clear, since the existence of chelation with the methoxyl- 
oxygen should have enhanced rather than depressed the solubility 

In conclusion, two statements appear to be justified by our results. The secondary esters of 
phosphorous acid, +¢., (RO), P*OH, are not associated in benzene or naphthalene Consequently, 
if any hydrogen bonding is possible in compounds with a P-OH (or OCP-H) function, it is so weak 
as to be completely destroyed by dissolution even in cold benzene. Recent determinations of the 
parachor (Arbuzov and Vinogradova, Doklady Ahad. Nauk. S.S.S_R., 1946, 54, 787, 1947, 55, 
31) and the Kaman shift (Arbuzov, Batuev, and Vinogradova, ibid, 1946, 54, 599) for dialkyl 
phosphites led to the supposition of dimeric aggregation of these esters. Our results indicate 
that such an effect must occur only to a very slight extent, if at all. The second conclusion is 
that, apparently, the very tenacious aggregation of all phosphorus acids which have true acid 
functions explains the existence of very sparingly soluble “ acid " salts which these acids form 
on partial neutralization 

Added in proof After the manuscript had been submitted for publication, it came to 

our attention that Arbuzov and Vinogradova (Compt rend. Acad Sei U RSS, 1950, 72, 
695) reported the cryoscopically-determined molecular weights of several dialky! phosphites. 
They found that when extremely concentrated solutions (in benzene) are used (freezing- 
point depressions of 1620"), the calculated molecular weights tend to rise from monomeric 
value, However, it is questionable whether the concentrations used are at all significant, 
because of the obvious departure from the dilute-solution state and consequent inapplicability 
of the usua! formule 


EXPERIMENTAL 


ipperates Thea atus which served admirably for cryoscopx determinations with naphthalene 
as solvent was assembled from readily available components The usual Beckmann-type freezing-point 
vessel, with « side-arm for sample introduction, was wound on its outside with two separate windings 
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Cee oe, ent to ee ee eee 
side-arm, consisted 


The apparatus 
wat 1 in an oil-bath at 75° (electrically heated) ; bath-temperature gave a most satislactory 


temperature gradient for cooling the pre-heated ~~ 4 Reproducibility of freezing points witha 
0-002° was readily attained. 

Naphthalene (C.P. grade of J. T. Raker Co.) had the freezing-point constant of 7-20, determined with 
triphenylmethane and p-di-tert.-butylbenzene as reference substances 

Cryoscopi Molecular Weghis.—The results obtained are recorded below in groups, according to the 
compound families. 

Momosubstituted phos phonows acids. , The acids were obt d t heating phosphorus 
trichloride with no son tic ¢ in the p (alumnus. chlonde ' yf ore - laminopheny! 
compound did not require the use of rs catalyst), followed by treatment of the dic 
with an excess of wy ~ ethanol. and a final brief boiling with water. This yy for hydrolysis of 
dichlorophosphi ives much eo ~ phosphonous acids than are obtained means of simple 
squeeutigelaaiet . J. Amer. Chem. Soc., 1950, in the press). 

The m. p.s of the acids and the solvent from which their final c tion was carried out are 
in the table. -Dimethylaminophenylphosphonous acid, m. p. 160-162" (from aqueous alcohol), was 
too sparingly soluble for cryoscopy 


Molahty. AT;. Mol. wt Molahty 4aT;. Mol. wt. 
Phenylphosphonous acid, m. p. 86° (from P- eee s acid, Mm. p. 
benzene) 117° (from benzene). 
0.0684 0-200 3 0-0567 0-164" 428 
0-123 0-335 375 112 0-316 439 
0-249 0-640 seu 171 0-466 455 


0-360 0-872 413 
0-456 eth 420 Trimeric mol. wt. 516. 


Trimeric mol. wt. 426 re TRE irom ben acid, m. p 


trom benzene). 
p-Tolylphosphonous acid, m. p. 104—105 481 
(from benzene). : Sil 
0-0623 0-178 303 5 516 
0-125 0-338 416 
0-188 0.500 42i 


Trimeric mol. wt. 468 ae acid, m.p. 142° 
(from zene) 


00456 . 559 

O4889 . Sao 

0-133 , 6i2 
Trimeric mol. wt. 663. 


Phosphomic acids. The aromatic members were obtained by oxidation of the correspondi 
phosphonous acids by a warm solution of mercuric chloride. The tic members were 
conventionally from the alkyl halides and sodium dibuty! phosphite ( vlapott, J. Amer. Chem. Soe., 
1945, 67, 1180) 

None of the aromatic members was sufhciently soluble in naphthalene to give significant results 
The depressions of the freezing point secured with minute = indicated a — h order of associ- 

The sy bstances used included phenyl- (m P 162.163"), p-tolyl- (m. p 90°), p-methoxy 
phenyl- (m. p. 166°; —_— —_ a monohydrate p-chlenephacgs. (m. p. 187°), and p-bromopheny!- 
phosphonic acid (m P I 


Molality AT). Mol. wt. Molality AT, Mol. wt 
n-Butyiphosphonic acid, m.p. 106—107° (from n-Hexylphosphonic acid, m. p. 104-—105° (from 
hight light petroleum) 

0-087" Se 

0-157 aa2 

O24 wee 
Hexamer mol. wt, 997. 








. were prepared either by means of the modified 

and Huber, |. Amer. Chem. Soc., 1947, @B, 2020) or by the modified 

thesis ( ibid., 1949, 369). The aliphatic compounds, obviously, were 

obtainable only by ae latter method. 
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aoe So Seaman an Ge & derivative was sufhciently 
soluble to give significant the m. p.s were ~~228° and 211", respectively. 


Motahty aT, Mol. wt. Molahty AT. Mol. wt. 
Di-a-butylphosphonows acid. m p. 70—T1° (from ee acid, : p. 135—136" 
water) (trom dilute ethanol 
00643 370 
Ort 3m 
oO 164 ; dae 
Dimeric mol. wt. 356 


Di a -hesyi phosphomows acid, m 7479" D-p- alorophenyiphosphomows acid mm. 
(from dilute ethanol) ° 137-138" (from dilute ethanol). 
00349 110 
06-0652 ; 


Dipheny!lphosphomows acid mm 190. 192° In p-methoryp hen phonows acid, m. p. 
dit a dilute ethanalh rr iso" (ieee dete ethanol) ° 
004653 ol os 040360 127 
008g oO 270 Say oorme? oO 24s5 585 
Dimer mol. wt. 436 Dimeric mol. wt. 556. 
The solubility of this acid was very lumited 


moe acid. The sle example, bis-p-dimethyla hosph ackl, was prepared 
y according to Raadnitz (Her, 1927, os 743) and had m. P nee 166° (from benzene). 


Molality AT, Mal. wt. Molalty. AT: Mol. wt. 
oosey om 295 O-O689 0-465" ws 
Monomeric mol. wt. 288. 





Diethyl phoophite This substance gave reproducible values of 138-141 for its molecular weight in 
the range of 6-05—0-13 molality Since its monomeric molecular weight is 138, no significant deviation 
from monomer structure was detectable 


Di-n-dutyl phosphate. This substance similarly showed no significant deviation from the monomeric 
state (mol. wt. 104) 


Ross Cwemicat Lapomatory, ALAsaMa ei wuuic Insrirere 
Aupurn, Atapama, US: Received, September 1st, 1950 


700. Methods of Resolution. Part I1I. Variations of the 
Resolution of Alcohols through Acid Esters. 


By A. Kitten Maceerw, J. A. Mitts, and R. Pertir 


The optically active benzylamine derivative (—)-p-aminomethylbenzomenthylamide has 
been prepared and used in a successful resolution. It is representative of a class of compounds 
which may replace natural alkaloids as basic resolving agents 

The possibility of effecting resolution of acid esters of racemic alcohols by passing them 
through a column oi active base has been examined, and positive results have been obtaimed in 
particular cases but the method is not of general application in its present form 


Iw the further study of the resolution of alcohols attention has been directed to the possibility 
of finding bases more suitable than natural alkaloids for combination with acid esters. Simple 
synthetic bases such as l-phenylethylamine may be resolved to both active forms and have been 
used to a limited extent, as have also a few of the simple active amines derived from terpene 
ketones (Gough, Hunter, and Kenyon, J, 1926, 2052; Pickard and Littlebury, /., 1907, 91, 
1973; Dickison and Ingersoll, J. Amer Chem. Soc, 1939, 61, 2477) but in many cases their salts 
with ack! esters are too soluble for convement use It seemed to us that useful compounds 
might be obtained by building up simple synthetic reagents into stable bases of higher molecular 
weight which would give salts of lower solubility and of a type from which the active component 
could readily be recovered by degradation Active amino-amides of the structure 
NHyX*CO'NHR, derived from an amino-acid and an active amine should have the desired 
properties, and the structure is capable of wide variation to provide a range of reagents 

For convenience, ( — )-menthylamine was chosen as the active unit in the preparation of typical 
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substances, and tests have been carried out with h (—)-p-aminobenszomenthylamide, (— )-3 : S-ci- 
am: noben hylamide, (—)-N“menthylsulp de, and (—) 

menthylamide (I), which are all readily available. The first three of these, being aromatic, 
proved to be too weakly basic to give stable salts with acid esters, but the benzylammme derivative 
(I) gave stable salts, and by its use (+ )-2-octyl hydrogen phthalate was readily resolved to the 
(—)-form, but (+ )-trans-2-methyleyclohexy!l hydrogen phthalate could be only partly resolved, 
and (+)-2-butyl hydrogen phthalate completely resisted resolution. In view of the work of 
Sheehan and Frank (/. Amer. Chem. Soc., 1949, 71, 1856), active amides, NHyCHsOO-NHR, 
derived from glycine should also be readily available, but have not been tested as yet. 

An investigation had been started of the possibility of resolving glycols through salts of acid 
esters, when a paper was published by Rigby (/., 1949, 1588) describing a resolution of 
trans-resorcitol through its di(hydrogen phthalate). This result is of considerable interest, 
because it has been stated (Ingersoll, “ Organic Reactions,” Vol. [1, 1944, p. 386) that resolution 
through salts of acid esters cannot be applied to glycols and phenols because they do not yield 
simple acid esters with phthalic anhydride. There is no foundation for this statement, because 
the formation of polymeric esters or phthaleins respectively requires treatments more severe 
than those used for the preparation of hydrogen shuhalatee Pheny! hydrogen phthalate has 
long been known (Bischoff and von Hedenstrom, Ber., 1902, 35, 4084), and simple acid esters 
derived from glycols (Hirsjarvi, Ann. Acad. Sci. Fennicae, All, 1946, No. 23; Chem. Abstr, 1048, 
42, 2936. Rigby, loc. cit.) and some polysaccharides (McIntire, Roth, and Shaw, /. Amer. Chem. 
Soc., 1948, 70, 1193; Levey, /nd. Eng. Chem., 1920, 12, 743) have been described. Although it 
was not claimed as such, the publication by Rigby apparently is the first recorded resolution of a 
gtycol through its di(hydrogen phthalate). In view of Rigby's work our own investigation was 
not pursued beyond noting that ethylene glycol and propylene glycol were easily converted into 
their di(hydrogen phthalates) by the method of Levene and Mikeska (/. Biol. Chem., 
1927, 75, 587), and that the acid esters gave stable salts with (—)-menthylamine and alkaloids. 
Salts with menthylamine showed better crystallising power than those with strychnine or 
brucine, and this indicates that a wide range of reagents is now available for the resolution of 
glycols, which was formerly regarded as a dificult problem with a limited choice of methods. 

We have also investigated the possibility of applying column techniques to the resolution of 
acid esters. Considerable attention has been directed in recent years to the behaviour of 
stereoisomers on columns of adsorbent with a view to effecting optical resolutions by chromato- 
graphic techniques, and a review by Zechmeister is available (Ann. N.Y. Acad. Set., 1048, 4, 
220). Published procedures involve the preferential adsorption of one enantiomorph on an 
optically active surface, but our own work has been concerned with the behaviour of salts in 
columns contaiming excess of base, where exchange reactions might be more important than 
selective adsorption 

If a racemic acid is combined with an active base B, and the mixture of salts A,,B and A_,B 
is washed through a column of excess B, with a solvent which dissolves the salts and free base 
only sparingly, a series of exchange reactions is possible. Some dissociation of the salts in dilute 
solution is to be expected, and the free acids A, and A_ may then react with the surfaces of solid 
B in the column, re-forming A. ,B and A_,B which in part may be held on the surface of solid B 
at the moment of formation but will later re-dissolve. This process may be repeated through 
the column and, if there are differences in solubility and stability of the salts and in the degree 
of their adsorption on solid B, one salt should be preferentially removed from the column by 
continued washing 

This hypothesis was tested by combining (+ )-2-octy! hydrogen phthalate with brucine, and 
washing the salts through a column of brucine (mixed with filter aid) by means of light petrolewm 
containing a little acetone. The first fractions contained the brucine salt of highly active 
{— )-2-octy!l hydrogen phthalate, which was followed by a small, less active fraction, and then the 
salt of (+)-2-octyl hydrogen phthalate, which was much more difficult to remove. In one 
operation up to 80% of the theoretically possible amount of (-)-2-octy! hydrogen phthalate 
could be recovered, of 97% optical purity. Comparable results were obtained with the 
strychnine salt of (+ )-trans-3-methyleyclohexy! hydrogen phthalate in a column of strychnine, 
the salt first eluted being that of the (+)-enantiomorph, of 98% purity. These results were 
interesting in that the separations in each case readily aGiorded the enantiomorph giving the 
more soluble salt, +.¢., the one which is more difficult to purify by the usual technique of fractional 
crystallisation (Pickard and Kenyon, J., 1907, 91, 2068; Macbeth and Mills, J., 1947, 205). 

However, further experiments have shown that such good results cannot be obtained with all 
systems and, when the method was applied to (+ )-2-buty! hydrogen phthalate (on brucine), 
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(+ }-trans-2-methykycloheaxy! bydrogen phthalate ion strychnine), and (+ )-menthy! hydrogen 
phthalate (on cinchonine}, it gave only partial or slight resolution in each case. This 

that differences in solubility rather than exchange reactions occurring in the column of alkaloid 
might be the most important factor im achieving a resolution. This idea is supported by the 
fact that the efficiency of the resolations in columns was not affected by altering the fineness of 
division of the alkaloid, or by using a column of alkalow precipitated on active carbon. In the 
case of 2-octy! hydrogen phthalate the alkalotd could be omitted from the column altogether: a 
97%, resolution was still effected when the mixture of brucine salts was eluted through a column 
of pure filter asd Arrangement into a column was necessary, however, as simple extraction by 
shaking of a mixture of (+ )-2-octyl hydrogen phthalate, brucine, and filter aid gave only 95°, 
resolution, and in the case of frans-3-methyicydeohexy! hydrogen phthalate the material collected 
contained only 66°, of the (+ )-, together with 34% of the (—)-isomer. Part of the separations 
observed in columns may be caused by selective adsorption of one diastereowomer on the filter 
aud ('' Hyflo Superce! ') which was mixed with the alkaloids to prevent caking and channelling 

in its present form this method of resolution is not of general application, but may be useful 
for recovering the more soluble component in cases where there is a considerable difference in 
solutnlity between the stereossomerides ; in particular, it might be applied to mother-liquors after 
the less soluble component has been removed by crystallisation. The necessity for handling 
large volumes of solvent is a disadvantage 

The possitulities of the method probably have not been exhausted, and one useful variation 
might be to use a polar type of solvent such as aqueous alcohol, which would promote the dis- 
sociation of the salts in solution and so facilitate exchange reactions in the column, the only 
solvents used have been light petroleums containing a little acetone, benzene, or chloroform. An 
allied problem of considerable interest is the possilulity of resolving racemic bases by passage 
through a column of an optically active cation exchanger such as McIntire, Roth, and Shaw's 
* cotton acid succinate “ (loc. sf.) 

Consideration has also been given to the possibility of applying the technique of partition 
chromatography to the resolution of acid esters. Martin has given reasons for believing that 
this process is not well suited for the separation of stereoisomers (Biochem Soc. Symposia, No. 3, 
1949, p. 9), but in the present case the method seemed worthy of trial as it is known that in many 
cases the relative solublities of a pair of diastereowsomers salts may be reversed by changing from 
one solvent toanother Alkaloidal salts are unsuitable for partition experiments because of their 
instability and the difficulty of finding suitable pairs of solvents, and the stronger base 
(~)-menthyitrimethylammonium hydroxide was used. Its salts with the enantiomorphs of 
2-octy!l hydrogen phthalate could be partitioned between water and chloroform -light petroleum 
and the two salts appeared to have significantly different partition coefficients. Attempts to 
use this difference in an actual resolution were uniformly unsuccessful, but the experiments 
failed in each case because of mechanical difficulties, and probably do not constitute a 
decisive test of the possibilities of the method 


EXPERIMENTAL 


( —)-p 4etmobenromenthylamide.-—Our preparation, obtained by hydrogenation of { pP-nitro 
benzomenthylamide over Kaney omkel in ethanol at 75° had mp. 188-189 Day and Kelly (/. Org 
Chem., 1930, 4, 101) reported m. p. 100-5191 

{ 3. 5 Deamenobensomenthylamide — ( 3. 5-Dinitrobenzomenthylamide (Read and Grubb, / 
1034, 1779), hydrogenated in pure ethy! acetate over Raney nickel at 120° under pressure, yielded a crade 
red product, m. p. 136-140". which, when dissolved in dilute hydrochloric acid, treated with 
active carbon, and reprecipitated with ammonia, yielded pure ( 3) S-diaminobenromenthylamide as a 
white, amorphous powder, mp. 153°, rapidly darkening im air (Found: C, 609; H, 92. C,,H,,ON, 
requires C, 706, H, # 3% Attempts at recrystallisation from alcohol yielded oils, and from non-polar 
solvents it separated as a gelatinous mass 


{ N*. Menthylulphantiawnde —p-Nitrobenzenesulphonyl chloride (10-7 g.) was added in small lots 
during 15 minutes to a solution of ( menthylamine (7-5 g.) in dry pyridine (40 ml.), the temperature 
being kept below 40 The mixture was set asixie with occamonal shaking for about 30 minutes and then 
heated on a water-bath for 10 minutes, cooled, and poured into dilute hydrochloric acid. The sulphon- 
amide was precipitated as a dark red ot) which soon solidified (15-5 g ) and when recrystallised from dilute 
akcobol mp 116-5 (12 ¢.) The nitro-compound (11-5 g.) im aleohol (200 ml.) was reduced under 
pressure (1600 lbs. jsq. in.) in the presence of Raney nickel (2 ¢) at 75—85°. When the uptake 
of hydrogen ceased, the cooled contents of the bomb were filtered and steam-distilled. The vellow 
solid amtnc-amide remaining on removal of alcohol crystallised from alcohol and then had m. p. 165 
(10¢.) (Pound: C, 61-9; H, #25 a ON, 5 requires C. 61-95. H, 84%) 


Salt Formation auth the Fovegowng Bases oe ape 3-Methyleyelohexy! hydrogen phthalate (0-45 g.) 
was dissolved in chloroform (10 mL.) containing the p-amino-amude (0-5 g ) Light petroleum was added 
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cloudy. Crystals (0-3 g.) slowly separated which had m. p. 185.—186° 
ant peed Sone See Sine Sees (+)-sec.-Butyl hydrogen phthalate also fails to form a salt with this 


_ 





de —p-Aminobenzoic acid (1 mol.) wen ene in hydrochione 

jon was stirred into a solut ng nickel sulphate 
(1 mol.), potassium cyanide (5 mols.), eS te ee ere ture being kept at 0—S° ; 
the mixture was then acidified and heated to 55°. The prec after « saitaat of toe solubon 
was dred and extracted exhaustively with acetone, from yom there acid was recovered in 
60% yield. This acid was refluxed for | hour with thionyl chloride (5 mols.) and a trace of pyridine. then 
the solution was concentrated by distillation, and the residue distilled under reduced pressure, to give 
a 93%, yield of p-<yanobenzoy! chloride, b. p. 108° 1-6 mm 


The acid chloride (11-0 g.) was dissolved in benzene (120 mi.) and slowly stirred into a solution of 
(—)-menthylamine (10-6 g.) and = (5-8 g.) in benzene (50 ml.). Next morning, the solution was 
worked up in the usual way and afforded a yellow solid, m. p. 116——123° (18-2 g.), which was recrystallised 
(c nesonalt from 60% alcohol (75 mi.), to give pure (—)-p-cyanobenzomenthylamide as small white 
crystals having m. p. 123-124 (16-5 g.) 


The cyano-derivative was rapidly hydrogenated when dissolved in saturated methanolic ammonia 
(5 mols.) and shaken at 100° with Raney nickel under 1000-Ibs re of hydrogen. Removal . 
ammonia and methanol and addition of concentrated sodium hydroxide solution precipitated a 
which soon solidified. Recrystallisation from dry benzene-light petroleum (most solvents t to 
give gels) afforded (— )-p-aninomethylbenzomenthylamide as white granules, m. p. 164—165° (a), —61-1° 
(c, 5m chloroform) (Found C,74-8; H,®7. C,,H,,ON, requires C, 75-0 ; fi 97%). 


Resolution Experiments.—(a) Octan-2-ol. ait .< 2-Octy! hydrogen phthalate (3-4 g.) was dissolved in 
boiling light petroleum (b. p. 100-120"; 10 ml to a hot solution of the a Ls base (3-5 g.) in 
the same solvent (15 ml.). On cooling, ‘small cane. crystals (6-5 g.) separated, having m. p. 140-142". 
—— crystallisations from ethyl acetate yielded a head fraction (0-85 ¢.), m 46°. ‘ay —23-06" 
(c, 4 in chloroform), not altered by a further crystallisation. Decomposition of chin salt with aqueous 
Sediem carbonate yielded (—)-2-octy! hydrogen phthalate, m. p. 75°, a» —48-4° (¢, 5 in ethanol) (cf. 
Pickard and Kenyon, loc. cit.). 


(b) Buten-2-ol. The salt from the base and (+ )-2-butyl hydrogen phthalate was obtained as white 
needles, m. p. 171—173°. Recrystallisations from benzene or from ethyl! acetate caused no change in 
m. p.. and decomposition of the salt after six such crystallisations gave an inactive hydrogen phthalate. 


(c) trans-2-Methylcyclohesanol. The salt from the base and (+ )-frans-2-methyleyelohexy! hydrogen 
phthalate had (a\p —46° (c, 5 in ethanol). Six recrystallisations from benzene yielded a head fraction 
(35% of the original salt) with (a)p -37°, which afforded a sample of free hydre phthalate with 

ap ~—8* (in dilute alcohol) instead of .63° (Gough, Hunter, and Kenyon, /oc. et.) "The use of aquevus 
alcohol as solvent did not increase the rate of resolution 





Hydrogen Phthalates of Giycols.—(a) hthy ee ge The f distilled glycol (6-2 g.) was dissolved 
in anhydrous pyridine (35 ml.), powdered phthalic anhydride (20-6 g.) was added, and the mixture was 
stirred. An exothermic snietien occurred, and after 7 minutes the solid had dissolved and the 
temperature was 67 The clear viscous solution was left for 48 hours, then stirred slowly into ice-water 
(1 L.) containing concentrated hydrochloric acid (50 mi.). The voluminous ipitate was collected after 
2 hours, washed well with water, and dried at 100° (yield, 34.g.; m. p. 160-162"). The crude di(hydrogen 
phthalate) was moderately soluble in benzene, ether, chloroform, or ethyl! acetate, but was most 
satisfactorily crystallised from 50% methanol, from which it ated either as fine needles, m. p. 158 
159°, or as large flat rods, m. p. 163-164". the former changed slowly to the latter when left in contact 
with the mother-liquor (Found: C, 600; H,41. C,,H,,O, requires C, 60-3; H, 3-0%) 


(b) Propylene giycol. in a similar way, the ds(aydrogen phthalate) was prepared from (+ )-propylene 
glycol. Thas ester was rather more soluble than the ethylene derivative, crystallised less readily, tending 
to separate as an oil from aqueous methanol, from warm chlorobenzene it separated as very fine needles, 
m. p. 147-—148" (Found : C, 61-5; H, 45. C,.H,,O, requires C, 61-3; H, 43%) 


Resolutions by Means of a Column.——(a) (+)-2-Octyl hydrogen phthalate. After preliminary experi 
ments it was found best to pass the solutions up the column and the following technique was generally 
used. A separating funnel was connected to the bottom of the column by a glass tube of a length to give 
a head of about 25 metres. The column was packed in a glass tube about a metre in length (diameter, 
1-5 cm.) and consisted of 2 bottom layer containing an intimate muxture of (+)-2-octyl hydrogen 

halate (2 g.), brucine (5 g.), and filter-aid (“ Hyflo Su el”; 5¢.), and a second layer a mixture of 

ine (25 g.) and the filter-aid (25 g.), the two sections srgonmnes ty 0 cteaty Gams orous pad 

The solvent consisted of a mixture of acetone (25%) and light petroleum (b 40"), and the tap “yp 

tae capes Datees was eteeiens © es 8 ew & ee © mijfhr. The et eluate 4070 Gh}, ahter 

with dilute sulphuric acid and dried ae ve, on removal of the solvent, (—)-2-octyl 

h reemey wed fad dT tea fap —45-4° Tie aicobal) 97%, of the (—)-ester!. Two 

tions from 90%, acetic acid gave the pure (—)-phthalate, m. p. 75°, talp 48-2" (¢, 5 in alcohol), 

The next eluate collec (500 mal.) gave a f yield of hydrogen phthalate {0-19 g.) which had a lower 
levorotation. 


The column was cutntel, Ge, Gnd, ont ity vey Aree - minutes) with sodiam carbonate solution 
. in 00 c.c. of water tion and acidification a dextrorota 


praia sg 2 ap oo Gastns wes ee a falp +41-6", which 
Tice eapeniantanntan entinaah ques palet} Satie tepdoeen getee 
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(h) ( wyl bydrogen phthalate. The bottom layer in this case consisted of the 
inactive hydrogen strychnine (5 g.) and filter-aid (5 ¢.). The 


(0-58 g.) having ale + 12-6" (¢, 5 im chioro- 
350 ml.) contained pao contac | a small quantity 
ogen phthalate with low dextrorotation. is eenelell animes yrekied a hydrogen 
‘oF &.) comtaming 01-65% of the ( —)-isomer and having (e)p — 10-7" (¢, 5 im chloroform). 
ae ee eS se Sey Se Cane t Be 
thalates when the materials (97 and 08 
saqpontoeety) obtained from the fret resolutions ~ = again treated in « similar way in freshly pac 
This inability to get cc ¢ resolution us difficult te understand, but an eee mag ht 
peat be found if the muxture of 97 of 08%, purity represents a fairly stable 4 
which permats even in solution and has the highest solubility of any combination of salts in that ‘particular 
system 
Modification of the Column. — Experiments with columns in which the upper layer conssted of alkaloid 
adsorbed on charcoal failed to give any hydrogen phthalate in the eluate and as the salts were apparently 
much too strongly adsorbed on the charcoal the method was abandoned 


Columns in which the upper layer consisted solely of filter-aid gave resolutions very similar to those 
deactibed above in the case of (+)- ntany and ( + )-trans-3-methyleyclohexy! ~~ — 
( —)-2-Octyl hydrogen phthalate of 97%, purity was in all cases obtained 
pendent of the length of the column o aiter- aid, and im the case of rans- Datetetheed pow be 
phthalate no better separation from the eluate of the (+ }-isomer than 98%, purity was ever achieved 

Partition Chromatography —(-—)-Menthylirimethylammonium hydrowide, Formic acid (11-2 mi, 
90%,) was gradually addled with pe an to (—)-menthylamine (7 g.} and, after addition was complete, the 
flash fitted with a reflux condensor was immersed in an oil-bath at 90° alter the addition of formaldehyde 
(il mi, 36%). When the vigorous efferescence had subsided the mixture was allowed to cool and 
kept overnight, and thereafter it was refluxed for Jhours. After cooling, acidification (10x-HCl; 6 mi), 
and evaporation under reduced pressure, the residue was made alkaline with sodiam hydroxide and steam- 
distilled. Chioroform extraction (four tames) of the distillate, then drying (CaCl,), and remova! of solvent 
—p dumethyimenthylamine as 4 colourless oil, b. p. 100°/12-6 mm. (8 g.). The base (5 g.) was refluxed 

2 hours with methanol (10 mi.) and methyl iodide (6 mi), and the solvent thereafter 
removed ice-cold concent hydro. solution (50 mil.) was added to the residue, and 
the methiodsde (13-6 g.) was collected and washed with a little cold water. When dried (solid NaOH) it 
had m. p. 180°. The methohydroxile was obtained as a white amorphous solid (4:5 g.) when the 
methiodide (7 g.) in water (80 ml.) was shaken for 12 hours with freshly = tated silver hydroxide 
(2-8. 10%, excess), and the filtered solution was evaporated to dryness is very deliquescent 
and was not subjected to further purtiication 











The partition of the salt of the base and 2 — hydre eed mag was examined for aqueous solutions 


of the salt and various organic solvents, particularly chloroform-light petroleum mixtures. The mutual 
solubilities of the aqueous and the organic solvent were affected by the presence of the salt but the 
approximate distribution ratios determined (+ )- and (-—)-hydrogen phthalate salts, 1 30 and |: 60 
Feapectively, with chloroform (25%) light petroleum encouraged attempts at resolution with columns 
containing silica gel, potato starch, or paper as supports. In all cases only slight resolutions were 
achieved, and the work was discontinued on account of the technical difficulties encountered 


We (J). A. M. and R. P.) acknowledge financial assistance from the Commonwealth Research Grant 
which enabled us to participate in the work 
jJomnson Cummicat Lasoxatroutns 
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701. A Kinetic Investigation of the Decomposition of 
Phenyldichloroarsine in the Liquid State. 
By H. D. N. Frrzparemick, 5. R. C. Humes, and E. A. Mosiwyy-Hucnes 


At temperatures above 500° Kk. liquid phenyidichloroarsine is converted at a measurable 
rate into yo ee hloroarsine ant arsenious chloride and, in part, into triphenylarsine and 
arsenious chloride. These reactions have been investigated kinetically. The analysis of the 
former reaction shows it to be consistent with a reversible bimolecular mechanism, for which 
the apparent energy of activation of the forward step ts 35 4 2 kcals 


Vexy few chemical reactions have been investigated in the liquid phase. The present paper 
gives an account of the conversion of phenyldichlorvarsine in the liquid phase into diphenyl- 
monochioroarsine and arsenious chloride, and in part, into triphenylarsine. The two 
decompositions are reversible and, although a rigorous kinetic treatment is not possible, the 
energies of activation and the absotute rates have been determined 
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DISPROPORTIONATION EQUILIBRIA. 


At temperatures above 200° c., the following equilibria become established for phenyldi- 
chloroarsine and diphenylchloroarsine - 


2PhAsCl, Sait + OM ee 4 


3PhAsCl, Pats tO. ec wa Co 


2Ph,AsCl => PhAs+PhAsCl ...... (i) 


As a preliminary to the study of the mechanism and kinetics of these and other reactions 
involving organic derivatives of arsine, it was necessary to know the equilibrium states attained 
as indicated by the expressions 

dy ee ee | | 
and 
Bg mm By /hy om mgt(my')* /(8,*)" eee ee » & 
where &,, &,, &,, and &, are velocity constants of the reactions indicated, and n,, m,, #,, and », 
denote, respectively, the molar fractions of arsenic trichloride, phenyldichloroarsine, dipheny!- 
chloroarsine, and triphenylarsine in the liquid phase. The superscrpt * signifies equilibriam 
values 
The third constant 
eee a ee a en ea 
is given in terms of the other two by 


K,=K,/K* .. . [. «see 
Hence K, and A, give all the relevant information irrespective of naaitiiaienin implied. 


Experwmental — Purification of phenyldichioroarsime. The crude product was distilled under I-mm. 
re to give a colourless y the middle fractions of which gave, on analysis, yidichloroarsine 

1-6, arsenic trichloride 0-7, and residue (including henylarsine) 0-4%, 

disproportionation, no further 


3, diphenyichloroarsine 
As these compounds are all present in the equilibrium system after 
purification was attempted for this part of the work. 


Apparatus and procedure. Samples (10 c.c.) of Phenyldic hloroarsine were sealed at apy 
ressure in Pyrex g tubes of 40-ml. capacity, these v being adhered to as accurately as 
eating was carried out in an electrically heated oil-bath, thermostatically controlled to 4-0-2". Tebes 
were immersed in the bath for varying p ds and on withdr J chilled in water at 20° and analysed. 
No permanent pressure developed in the tubes 


Method of analysis. Hydrolysable chlorine (*) was determined by means of excess of standard 
alkali. Titration with iodine, first in acid, and then im alkaline, solution gave the organic arsenic 2} 
and the inorganic arsenic (taken to be arsenic trichloride) (z). Diphenylichloroarsine (d) was 
directly by oxidation to diphenylarsonic acid and extraction with chloroform. No satisfactory method 
of determining triphenylarsine was available but, at the me gs TEN em . little of this substance 
was formed. Phenyldichloroarsine is given by (+ — d - In a sam contain Geb a 
oxide the same procedure gives the phenylarsenious oxide content (y — # — *). "Tn the 
solid samples, inorganic arsenic was taken to be arsenious oxide. 








Results.—The results quoted below, which are the averages of many concordant experiments, 
have been corrected for the 30-ml. vapour space in each sample tube, which, it has been assumed, 
contained only arsenic trichloride at the partial pressure indicated by its molar fraction in the 
liquid on application of Raoult's law. The volatilities of the phenylchloroarsines are so much 
lower that their presence in the vapour phase before chilling can be neglected. This correction 
did not alter any equilibrium constant by more than 5%. In Table I are shown the equilibrium 
concentrations as molar fractions, and the equilibrium constants at four different temperatures. 
The values at 273° c. refer to the disproportionation of originally pure diphenylichloroarsine. 
In the absence of an accurate method of determining triphenylarsine directly, the values of K, 
must be regarded as less reliable than those of K, 


Taste I. 

n,* n,* n,*. n,*. 
01543 . 0-1346 00139 
0.1676 7 0.1403 60-0192 
0-1700 . 01509 0-0162 

06-6421 60-1071 
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Results for the equilibrium constants are given again in Table 11. The data marked ® are 
those obtained concurrently by A. G. Evans, Todd, and Warhurst, which were communicated to 


Taste Il 
10*K, 1K, 








Obs é Eqn (8). 
107 
206 = 
soe 3.20 
1s 
+7 450 
aor 8-07 
iso? 13-4 


us privately through the Ministry of Supply and have since been published (Evans and 
Warhurst, Trans. Faraday Soc, 1048, 44, 189). The most satisfactory correlation of all the 
results leads to the equations 

in A, = P784 — 4800, R7 (5) 


In A, «~ 6639 10,500 /RT (6) 
It follows that 


in Ky = 10207 — 20,100/RT (7) 


In Table Il the experimental results are compared with those given by these equations 
The changes in heat content and standard entropy are 


AH, = 4,800 cals AS," = 3°6 cals jdegree 
AH, = 20,100 cals AS,” = 203 cals. degree 
SH, = 10,500 cals AS,’ 13°2 cals. ‘degree 


These heats of reaction are significantly different from those of Evans and Warhurst (loc. /.). 
This is probably to be attributed to the facts that their calculations are based on two data only 
in each case, and that our results were obtained at lower temperatures where side-decomposition 
is inconsiderable 

Evans and Warhurst (loc. ef.) obtain the heat-capacity changes AH, +26 and- 
AH, « +9 keals and consider these small heat effects to be explicable if the strengths of all 
As-Cl bonds are equal, and the strengths of all As-C bonds are also equal for all the four 
molecular species concerned. On the other hand, the relatively large values found by us 
indicate considerable differences, especially between the strengths of the three types of Ph-As 
linkages 

DISPROPORTIONATION VELOCITIES 


There is no reason against application of the kinetic formula used for the rates of reaction im 
dilute solutions and in gases, with appropriate modifications, to the systems considered here 

The experimental method was that described above, the sample tubes now being chilled for 
analysis at precise intervals after their immersion in the oil bath 

The changes in fractional composition of purified phenyidichloroarsine with time, at 220°, 
240°, and 260° c., are shown in Table III. During the later stages of a run the individual 
points tend to show some scatter 

Determination of the Course of the Reaction.—A stoicheiometncal check can first be made to 
determine whether the revermble reactions represented by equations (1) and (ii) are sufficient to 
explain these result With the notation given above, these equations require the fulfilment at 
any instant of certain identities. From the constancy of hydrolysable chlorine and of phenyl 
radicals respectively 
Sn, + Ibn, ! (§) 
and 


(9) 
Hence, 


my = O5(n, — m,) (10) 


Equation 8, applied to results obtained at 220° and 260°, gives the figures shown in Table IV, 
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Taste III. 
The rate of disproportionation of phenyidichloroarsine 











" 
ooT4 
oole 


? 


geeei ii gill | 


Taste IV 
The course of the disproportionation of phenyldichloroarsine 


where the agreement between columns 5 and 6 is seen to be satisfactory, having regard to the 
analytical difficulties. For 260° the figures in column 5 lag noticeably behind those in column 6, 
owing to decomposition, the formation of small quantities of benzene having been observed 
by some workers 

Column 7 gives the ratio n,/n,, the denominator being obtained by means of equation (10). 
The results are too scattered to indicate any definite trend, but the high value shows that 
reactions producing triphenylarsine are of a minor importance, especially at the lower 
temperatures. 


Kinetics of the Reactions.—The simplest formulation of the net rate of decomposition of 
phenyldichloroarsine at any instant is ; 


—dn/dt — hyn? — Ayngg + hyn, —Aygyme . 2 © CTD) 
on the basis of opposing pairs of reactions (i) and (ii) where the velocity constants are in terms 
of molar fractions of the reactants 

It has not proved possible to integrate equation (11) directly, nor to apply to it the principle 
of initial rates owing to the difficulty of obtaining sufficiently accurate data during the earlier 
stages of the reaction. Since, however, the above calculations show that the formation of 
triphenylarsine is small, we may apply, in the earlier stages of the reaction at least, the kinetic 
formula for the opposing bimolecular reactions shown in (i), ignoring other simultaneous 
reactions. Then m, = m, — 4(1 — m,), so that the kinetic equation is ; 


—dajitm het -af(l-—m)/sP. . . . wee 
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which may be integrated to give both velocity constants, using the equilibrium constant K, 


VK, in ta th ~ 2 Ky) 


mae ee 13 
a, ow AM, oT Oa + SVE 1 "9 


For conversion into units involving concentration factors the corresponding form 1s 
(kK bal ~ 2y/ Ky) 
kh, = AK, * in : hme 


at ali + 2K) —1 (130) 


where 4 is the initial concentration of phenyldichloroarsine. The theoretical limit of m, (i+., 
#,*) ts then 


mt 1h + 26/K,) ; : : (14) 


This equation serves to indicate the extent of the discrepancy which results by ignoring 
triphenylarsine formation, as illustrated in Table V, from which it will be seen that it is 
algebraically feasible to apply equation (13) to 90% of the course of the reaction before 
alternative modes of disproportionation interfere seriously 


Tasiz V 
Temp 2 
Limiting valae of (1 a), theor. (eqn. 14) ow 
exptal. (Table I) o32 


Taste VI 


Reversible bamolecular dis proportionation of phenyldichloroarsine 
220 
onreorerore- et eee + r- —_ 
t (hours) m, 10*A, (sec.“*) ‘ ", 


ool 
0-793 


0-932 all oO 700 


0 880 0-354 
ose o3sT? 
Of 0-399 
767 427 
ot 470 


Average 10*4, 0 4068 53 


Tame Vil 
Temp 220° m0 260" 
10*8, (see."*), by eqn. (13), obs ol 163 ow 


(15), cak oa 1-55 54-27 
10, (see -* (13), obs 0-92 304 827 


(15), cale 0-92 286 8-20 


Table VI shows the extent of agreement with equation (13) and Table VII lists the bimolecular 
reaction constants thus obtained by applying equation (13) until n, exceeds the theoretical limit. 
The constants may be reproduced by the linear equations 


logy, A, = 94041 — 7293/7 
loge &y = 8628S — 6244/7 


whence, by means of the Arrhenius equation E, « RT*(d In 4/d7T), we may obtain the apparent 
energies of activation (£,), « 33,380 and (£,), = 28,590 cals./g-mol. If &, is proportional 
to the viscosity of the medium, the former of these quantities must be increased 
by 3750 calories, giving a corrected energy of activation of about 37,000 calories. Even 
without this correction, the observed energy of activation is considerably greater than any 
hitherto fownd for a bimolecular reaction in a condensed fluid state. It must not be over- 
looked, however, that the bimolecular character of the reaction is assumed, and, although 
leading to consistent results and to approprate equilibrium relationships, cannot be directly 
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established in a system of the kind investigated. To correct 4, from mole-fractions per second 
to the more usual units of litres per g.-mol.-sec., the values given above must be multiplied by 
the factor V,/1000, where V, is the molar volume in ml. At the temperatures concerned, 
V, lies within the range 1605 4 14 mil., and the pre-exponential term of the Arrhenius 
equation becomes 4°11 x 10° I /g -mol sec. There are no known reactions with which this 
figure can be compared. 


‘Tie paper te beasd on sock conte xt te Se Chamieat Butane Research Establishment of the 
Ministry of Supply during 1041-1942, and is published with the approval of its Chief Scientist. 
Tae Caemistay Derantment, Cugisea Potyrecunic, Lonpor, $.W.3. 
Tae Derartwenr or Prysicat Cuemistey, 
UniversiTy oF CAMBRIDGE. (Received, July Lith, 1950.) 


702. The Constitution a Chlerophoria. Part Il. Further Oxidation 
Experiments, and the Completion of the Structural Problem. 
By F. E. Kine and M. F. Grunpon. 
=e f the second double bond he di-isoprenoid side-chain of chlorophorin 
Uf, 1900 5868) has been domonsteoted by elitaline hpdvegee pores ide oxidation of the 5 
to 4 8-dimethyinona-3 : 7-<dienoic acid * op gee acid) Chick has been syn from 
citral by the rhodanine method. Syntheses of 4-carboxy-2 | 6-dimethox lacetic acid, 
which was earlier obtained by permanganate oxidation of O-tetramethylc in, and of 


2 : 6-dimethoxyphenylacetic acid, a potential decarboxylation product of the dicarboxylic acid, 
are also described. 


In the structure (1) recently suggested for chlorophorin, a tetrahydnc phenol isolated by ether 
extraction from the heartwood of the tree Chlorophora excelsa (King and Grundon, ]., 1949, 
3348), only the nature of the terminal C,H, group was left unsettled. The isolation of acetone 
as the 2 : 4-dinitrophenylhydrazone following permanganate oxidation of O-tetramethyichloro- 
phorin suggested a A*-ssopenteny! structure for the component C,H,, but among the various 
ozonolysis products of the tetramethyl ether no trace was observed of any simple ketone or 
aldehyde such as would be expected from the presence of the penteny! group. 

In order, therefore, to simplify the detection and isolation of ozonolysis products arising 
from the aliphatic side-chain of (1), a preliminary oxidation of the molecule was undertaken to 
destroy the aromatic constituent leaving the hydrocarbon substituent untouched. The desired 
elimination of the phenolic residues was accomplished by the oxidation of chlorophorin in alkaline 
solution with hydrogen peroxide, whereupon, after steam-distillation of the acidic product, a 
liquid unsaturated acid was obtained, which as the result of analyses of the S-benzylthiuronium 
salt and p-bromophenacy! ester was given the formula C,,H,,O,. On ozonolysis the appearance 
of acetone, isolated as the 2 : 4-dinitrophenylhydrazone, and of lavulaldehyde, characterised by 
preparation of the 2 : 4-dinitrophenylhydrazone and semicarbazone of the derived acid, identified 
the new product C,,H,,O, as 4: 8-dimethylnona-3 : 7-dienoic acid * (homogeranic acid), 
CMe, :CH-CHyCH,CMe.CH-CH,’CO,H, thus establishing the terminal C,H, group of the chloro- 
phorin side-chain as CH,-CH°CMe,. The possibility that specimens_of chlorophorin, which as 
already stated cannot be obtained crystalline, contain the tautomer (I; K = CH,CH,°CMe°CH,) 
is not entirely excluded by this evidence, but it renders unlikely the presence of significant 
quantities of other isomeric compounds 

The structure of the hydrogen peroxide oxidation product C,,H,,O, was further demonstrated 
by a synthesis from citral, using the rhodanine condensation and subsequent stages of the 
general method due to Julian and Sturgis (J. Amer. Chem. Soc., 1935, 57, 1126) as follows 

ee Vip > BCH yCS-COH —> R-CHy-C(NOH)-CO,H —> R-CHYCN —> K-CH,CO,H 


\ 
Ss (R = CMe CH-CHyCH,-CMe:CH) 


The identity of the natural and the synthetic acid was confirmed by mixed melting point 
determinations of specimens of the S-benzylthiuronium salts and the p-bromophenacy! esters. 


“COM L. in FORT U. 1908. tote thew antes ane acahena tun COM Te Ten we 
te -~ tf. 


t., In Part I Uf Oe, a eee ae end SS CON = & Thus 
oo T-dienoic acid was named 3 : 7-dimethyinona-2 : 6-dienoic acid 
in Part 1 —Eb. 











3548 King and Grundon : 


After this part of our work had been completed there appeared an account by Barnard and 
Bateman (/., 1950, 926) of the synthesis of homogeranic acid from the above oximuino-acid, 
prepared from ethyl geranyimaionate by the action of amy! nitrite 

The constitution of the phenolic portion of the molecule (1) rests, as already shown (Part I, 
joe. ett.}, om the formation of 2: 4-dimnethoxybenzo acid and of 4-carboxy-2 : 6-dimethoxy- 
phen ylacetic acid (11) on permanganate oxidation of O-tetramethyichlorophorim, the structure of 
the dicarboxylic acid being inferred from the isolation of 3. 5-dimethoxy-4-methyibenzoi acid 
as one of its partial decarboxylation products The survival, after oxidation, of the methylene 
group adjacent to the aromatic ring is noteworthy and may be ascribed to the protection afforded 
by the adjacent methoxyls. The resistance to oxidation of the CH,CO,H group linked to a 
di-ortho-substituted benzene ring was utilised in the synthesis of (11), which was finally achieved 
by treating 2 6-dimethoxy-4-methylphenylacetic acid with alkaline permanganate, the d)- 
methoxymethy!phenylacetic acid being prepared by application of the rhodanine synthesis to 2. 6- 
dimethoxy-4-methylbenzaldehyde. The acid (11) had earlier proved inaccessible from 2 : 6-di- 
methoxy -4-methyibenzore acid by an Arndt~Esstert synthesis since the dimethoxymethy!benzoyl 
chioride failed to react with diazomethane, a further Ulustration of the anomalous properties 
induced by the o-methoxy-groups In another attempt to prepare (II), necessitating side-chain 
bromimation of 3) 5-dimethoxy-4-methylbenzos acid, for which N-bromosuccinimide was used, 
nuclear substitution occurred giving 2-bromo-3 : 5-dimethoxy-4-methylibenzoic acid, whilst 
3. S-diacetoxy-4-methyibenzotc acid failed to react with the bromo-imide. p-Toluic acid, on 
the other hand, gave with N-bromosuccinimide a very satisfactory yield of p-carboxybenzyl 
bromide from which the cyanide and hence homoterephthalic acid were readily prepared 
Homoterephthalic acid resists sulphonation with fuming acid at 180°; had the formation of a 
disulphonic acid been possible. alkali fusion, ete, of the product might have afforded an 
alternative synthesis of (11) 

As already reported (King and Grundon, loc. ett), pyrolysis of (11) yielded in addition to 
3. 5-dimethoxy-4-methylbenzoie acid a second derivative, m p. 119-120 Being available in 
only small amount this more-soluble substance could not with certainty be regarded as the pure 
isomeric monodecarboxylation product; a comparison with the authentic 2 : 6-dimethoxy- 
phenylacetic acid was not at that time feasible since of the six possible dimethoxyphenylacetic 
acids this alone had not then been described By using the chodanine method the remaining 


member of this series has now been synthesised from 2: 6-dimethoxybenzaldehyde —_ Its melting 
point (155-156") is considerably higher than that of the second pyrolysis product which must 
therefore be assumed to be impure 2: 6-Dimethoxyphenylacetic acid, like the dicarboxylic 
acid (11), resists oxidation by cold aqueous potassium permanganate 


OH On OMe OR 
CHOCH CH yCHCMe-CH,R HO,” CHyCOWW RO COW 


Ou OMe Me 
(1) Chlorophorin (R = CH YCHICMe, a (ut 


In the course of these experiments the hitherto unknown 2. 4-dimethoxy-5-methylbenzoic 
acid (111; K « Me) was prepared by heating 2: 4-dihydroxytoluene with aqueous sodium 
hydrogen carbonate, the resulting hydroxy-acid (m. p. 204-206") being methylated by methy! 
jodide-peotasstum carbonate in boiling acetone. The orientation of the dimethoxytoluic acid 
was demonstrated by oxulation to the known 4. 6-dimethoxytsophthalic acid. It has been 
reported that 2: 4-dihydroxy-5-methylbenzoic acid (III; R= H) can be obtained by 
formylation of methyl! 2: 4-dihydroxybenzoate with hexamethylenetetramine followed by 
Clemmensen reduction of the intermediate aldehyde, the latter operation being accompanied by 
hydrolysis of the ester group, bat the prodect is given m. p. 163-—164° (Desai and Kadha, Proc 
Indian Acad Sav, 1940, 11 A, 422. Desai, Radha, and Shah, sed., 1046, 23, A, 338). No 
explanation of this anomaly can be offered, and attempts to repeat the synthesis by the method 
described by the Indian authors failed to produce an aldehyde from the dihydroxybenzoic ester 

Reference has already been made (King and Grundon, joc. est.) to the relationship between 
chlorophorin and pinosylvin (3 : 5-dihydroxystilbene), a constituent of the heartwood of Pinus 
syivestres (Erdtman, Annalen, 1939, $39, 116). Further examples of natural hydroxystilbenes 
based on the structure of pinosylvin are rhapontigenin (3° 5: 3’-trihydroxy-4’-methoxystilbene)} 
which occurs as a glucoside in Turkish rhubarb root (Kawamura, /. Pharm. Soc. Japan, 1938, 
58, 83), pterostilbene (4'-hydroxy-3 ; 5-dimethoxystilbene) found in red sandelwood (Spéth and 
Schlager, Ber, 1940, 73, 881), and resveratrol (3:5: 4’-trihydroxystilbene) and hydroxy- 
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resveratrol (3: 5: 2° : 4'-tetrahydroxystilbene) from the roots of the white hellebore (Takaoka, 
Chem. Abstr, 1940, 34, 7887), the hydroxy! pattern of the last being identical with that of 
chlorophorin. 


EXPERIMENTAL, 


Hydrogen Perosvde Oxidation of Chlor _——A solution of ey (@@) = open potassium 
hydroxide (800 c.c.; 10%) was trea with hydrogen peroxide ( cc.; © and left at room 
temperature for 24 hours. Excess of hydrogen peroxide was destroyed by the Seton of manganese 
dioxide, and the solution extracted with ether (10 x 200c.c.). Evaporation of the ether gave a viscous 
sweet - ey (0-57 g.), which was not further investigated. The aqueous solution was acidified with 
concentrated hydrochloric acid, and, on extraction by ether (10 « c.c.), & dark-brown viscous oil 
(30-6 g.) was obtained which was subsequently steam-distilled. Saturation of the distillate (2000 cc.) 
with sodium chloride and extraction with ether (4 x 200 cc.) gave a pale-yellow oil (3-15 g.), from which 
4: §-dimethyinona-3 : T-dienoic acid (2-65 g.) distilled at 119-—125°/15 mm. The acid 
S-benzylthiwrommum salt, separating from aqueous ethanol in colourless ¢ 
(Found C, 65-5; H, #4; N, 79. C,,H,,O.N,S requires ©, 65-5; H, 80; N, %), and a p-bromo- 
phenacyl eater. crystallising from aqueous ethanol in colourless plates, m. p. 52—53° (Found. C, 50 
H,61. C,,H,,O,Br requires C, 60-2; H, 61%) 


A solution of the acid (2.5 g.) in ary chloroform (20 c.c.) was treated with ozonised oxygen until excess 
of ozone was detected (12 hours). gases leaving the reaction vessel were passed through a the 4 
containing water (20 c.c.) which was subsequently treated with excess of aqueous 2 : 4-cinitre 
hydrazine hydrochloride. After 4 hours, the yellow solid was collected (0-14 g.) and ccyeuiniens te foxes 
aqueous ethanol ; it gave orange-yellow hair-like needles, m. p. and mixed m. p. with acetone 2. 4-dinitro- 
phenylhydrazone 124--125°. The chloroform solution was evaporated at room temperature and the 
residue, dissolved in acetic acid (5 c.c.), was slowly added to a mixture of dilute sulphuric acid (10 ¢.c. ; 
2-5%) and hydrogen peroxide (6c¢.c.; 30%). The mixture was cautiously warmed, and finally heated on 
a steam-bath for | hour. After 24 hours it was steam-distilled, and the first portion of the condensate 
(5 c.c,) treated with aqueous 2: 4-dinitrophenythydrazine hydrochloride. The precipitated yellow solid 
(0-13 g.) crystallised from aqueous ethanol in orange-yellow hair-like needles, or from light petroleum 
» 80°) in stout orange-red needles, m 124-5—125-5" not we oe on admixture a acetone 

zt ainrophenyihydrasone (Found: C, 456; H, 42; N, 23-2. Cale. for C\H,O,N, 45-8, H, 
42; N A further 30 c.c. of distillate was collected, and a ton Cs es c ; + the residue 
a c.c.) treated with excess of aqueous 2: 4-dinit vihydrazine hydrochloride. After 24 hours 

a. ipitate (0-15 g.) was collected and crystallised from chloroform, and the yellow solid, m. p. 201 

shown to be identical with lavulic acid 2: 4-dinitrophenylhydrazone by m p and mixed m. p 

The remaining portion of the steam-distillation residue was saturated with sodium chloride and extracted 
with ether (5 x 20 c.c.). The oil obtained by evaporation of the ether was treated with a solution of 
semicarbazide hydrochloride (1-5 g.) and sodium 4 (2 g.) in water (10 ¢.c.), and after 36 hours the 
colourless solid (0-48 g.), m. p. 161—165° (decomp.), was collected. Recrystallisation from water gave 
lavulic acid semicarbazone in clusters of colour A teas m. p. 180.182", with softening at 179° 
(Found : C, 41-0; H, 65, N,244. Cale. for C,H,,O, C, 41-6, H, 64; N, 243%) 


3 : 7-Dimethylocta-2 : 6-dienylidenrrhodanine.—Citral (10 g.), rhodanine (10 g.), acetic acid (40 ¢.c.), 
and fused sodium acetate (15 g.) were heated on a steam-bath, and after one hour the deep orange-red 
solution was poured into water (300 ¢.c.). The oil which separated hardened, on being kept, to an ora 
solid (10-4 g., 59%), m. p. 134—139°, and on a a from benzene light petroleum the 
cttrylidenerhodanine was obtained in brownish-red les, m. p. 140—141" (Found C, 579; H, 63. 
C gH, ONS, requires C, 58-4, H, 64%) 

5 : 0 Dimethyl-2-oximino-4 : 8-decadienoic Acid (ci, Barnard and Bateman, loc. cit.).—The foregoing 
roduct (18 ¢) was hydrolysed by heating it on a steam-bath for 40 minutes with aqueous potassium 
ydroxide (105 ¢.c.; 15%). The thio-acid was obtained in semi-solid form by acidification of the cooled 

solution with dilute hydrochloric acid (130 ¢.c.; 10%). Owing to its excessive solubility in organic 
solvents this intermediate could not be obtained in a crystalline condition: its p-bromop yl ester 
— from aqueous ethanol in faintly yellow rectangular plates, m. p. 137 138-5" (Found: C, 

4; H, 53. C,H,,O,SBr requires C, 56-7; H, 54%). 

The crude acid was treated with a solution of hydroxylamine, from the hydrochloride (12 g.) 
and alcoholic sodium ethoxide, and heated on a steam-bath for 20 minutes. After the alcohol had been 
removed and water (200 c.c.) added, the solution was extracted with ether (3 x 70c.c.). By evaporation 
a brown gum te ) = obtained which crystallised from benzene—light petroleum (b. p. 60-80") in 
plates (1: if ky . aes 130° becoming 99-—100° on further crystallisations from benzene—light 
petroleum (Found Cake. for C,,H,O,N > N, 62%). 


3: 7-Dimethylocta-2 safe Cyanide...The oximino-acid (1-2 g.) was added in emai tions to 
acetic anhydride (5 c.c.), whereupon the solid dissolved with evolution of heat and vigorous effervescence 
The solution was diluted with water (60 c.c.) and shaken with ether (2 « 20 ¢.c.), and the ether solution 
washed first with re. nF pocepe hydroxide and then water. E vration gave a pale-yellow 
-~ “dg: g.) from whic the was obtained as a colourless oi! (0-68 g.) by distillation at 125—128° 

beth temp.)/17 ma. (Found: N,8&7. C,,H,,N requires N, 8-6%). 

By of the benzene light petroleum solution from which the oximino-acid had crystallised. 
NE ee a further quantity of the nitrile (1-6 g.) was obtained ; 

pepe a Se calculated on citrylidenerh hy, 





8-Dimethyinona-3 : 7-dienowe Acid.—3 : 7-Dimethylocta-2 - 6-dienyl cyanide (0-8 g.) was hydrolysed 
toy heating ie oti ateahallc potanstom lapdvuniée (1be2.7 10%) for four . The solution was acidified 
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and after removal of alcohol the diene-carbonylic acid (0-63 ¢ . Su San tetated ty ceene ef etien, the 
product distilling (bath temp. #100") at 04 mm. as a colouriess oil 

Be. Lata” ear ester —— from ~ a petroleum (b. p. 40—60°) or aqueous ethanol in 

(Found , 2, 

a eaiedtonn 
indi ated the identity of 
C,, HO, derived PA BO etree ha 

2 6 Ds vi. Aw th ii,’ de ~This A was prepared by Robert 
method (J. 1927, S2em) but with enndideation of the Lnal chags. The aldimine salt (3-2 g.), obtained from 
| 6-dimethoxy 4 methylbenzonitrile (2-4 ¢.) as described, was dissolved in water (70 ¢.c.), and sodium 
acetate (15 ¢) added. The solution was heated on a steam-bath for 15 minutes, cooled, and extracted 
with ether (5 x Wi c.c.). The solid resktue obtaimed by evaporation of the ether was heated for 10 
Minutes with botling light petroleum (68 ¢.c., bp. 60-—80°), On cooling, the filtered solution yeited 
dhe reanieed abdabylle te tong aunties 10-08 6) m.p #91". A further quantity (0-22 g ), m. p. 87° 
(total, 1 14@., 43%). was obtained by concentration of the light petroleum solution 


2 6 Dimethony-4-methylbensylidenerhodanine.-A_ mixture of the foregoing aldehyde (0-9 ¢.), 
rhedanine (0-77 ¢ ). fused sodiem acetate (1-3 g.), and acetic acid (5 c.c.) was heated on a steam-bath. 
Orange needles separated during the reaction, and after two hours, the mixture was cooled and diluted 
with water (20 cc). The orange rhodamne (1:15 g., 78%). m p. 232-235", which separated, 
crystallised from ethanol in yellow needles, m 237 +9 with sintering at 236° (Found. C, 53-2; 
H.43.N.50 C,H ONS, requires C, 52-0; H. 44: N, 47%) 


2 (2 6 Dimethory 4-methylphenyl)ethopropromic Acid —The bensylidenerhodanine (0-95 was 
heated on a steam-bath with aqueous potassium hydroxide (5c¢.c.; 159%) for 20 minutes. The his.caa 

(0-8 g., 95%) obtained by acidification of the ice-cold solution with hydrochloric acid (6 c.c., 10%) was 
crystailised : from aqueous methanol and formed large pale-yellow needles, m. p. 164-186" (Found : C, 
66, HLS6 CyHYOS requires C, 56-7; H, 55%) 


2 6 Demethory-4-methylbenryi Cyanide.-A solution of hydroxylamine was prepared from warm 
aqueous hydroxylamine hydrochloride (3 g. in 3 ¢.c. of watex) and a solution of sodium (1 g) in ethanol 
(Mice). After removal of the sodium chiortdle, a tion ai ¢.c.) was mixed with the above thioacid 
(0-8 @ }. and the solution heated on a steam-bath for minutes. When the alcohol had been 7. 
under reduted pressure, the residue was treated with aqueous sodium hydroxide (5 cc. ; 5 v4 
identified insoluble ——_ (@-1 g.), which crystallised from aqueous ethanol in colourless 
136...137° (Found 670, H, G1, N, 125%), was removed, and the oximino-acid (0-7 g., 88%), m 4 
137.138", obtamed Sy acidification of the eoletion with 10%, hydrochloric acid. The crude material 
(®7 @ ) was treated with acetic anhydrude (2-2 c.c.), and the mixture warmed on a steam-bath until 
effervescence ceased (5 munutes), The brownish product left on evaporating the acetic anhydride, when 
recrystallised from aqueous ethanol gave 2 6-dimethory-4- —a i rate in colourless needles 





(0-37 «.. @%), m p. 124-125" (Found: C600, H, 68, N,74 N requires C, 69-1, H, 68; 
if oft Os 


N, 73%) 
with water 

2 6 lnmethory. 4-methyiphenylacetic Acid —Hydrolysis of the foregoing cyanide (0-37 g.) was achieved 
by heating it under reflux with 25%, alcohol wr: hydroxide (20 ¢.c.) for seven hours. After 
removal of the alcohol, water (25 ¢.c.) was added, and the cooled filtered solution acidified with hydro 
chioric acid. The aed (0 32 g . 80%), m. p. 163.164", thus obtained crystallised from aqueous ethanol 
in prisms, m. p. 165° with slight sintering at 163° (Found: C, 62-7; H, 70. C,,H,,O, requires C, 62-9; 
H. 67% 

4-Carbery 2 6 ee ore feed (1 Aqueous potassium permanganate (4%) was edded 
during 36 hours to a solution of 2 6-dimethoxy-4-methyiphenylacetic acid (6 32 g) in 10% aqueous 
petassum hydroside (Sc.c.), until a permanent pink colour was observed (required IZc.c.). The mixture 
was saturated with sulphur dioxide. thus giving a colourless solid (0-25 g.), m. p 1¢ 280° with sintering 
from 250°, from which 4-carbory-2 . 6-dimethonyphenylacetic acid (0-22 g., 60%) p. 276-284", was 
obtained by tritaration with chloroform. The acid crystallised from aqueous P ethansi in long needles, 
melting and darkening at 282.284". alone of mixed with the acid ( pH af ), obtained by ge 
oxndation of O-tetramethylchlorophorin (King and Grundon, loc. est ) (Pound * 47, HL52 C,,HyO, 
requires C, 550. H, 6-0%) 


t was later fownd that the nitrile may also be Sends ne heating the oximino-acid 


This aced (0-15 ¢.) was suspended in ether and treated with excess of ethereal diazomethane. After 
3} minutes all the solid had disappeared, and on evaporation of the ether the dimethyl ester was obtained. 
It crystallised from aqueous ethanol in needles (0-11 g.), mp. and mixed m with the dimethyl! ester 
of 2) 6-dimethoxy.4.carboxyphenylacetic acid derived from chlorophorin, I 109° (Found: C, 58-1; 
H,6@0. C.H,,.0O, requires C, 58:2, H, 60%) 


3 5-Dimethory-4-methylbenzme «Acid. —Unpurified 3. 5-dihydroxy-4-methylbenzoic acid 
(Charlesworth and Robinson, /.. 1934, 1531) was methylated by heating it in acetone ~ A f 
@ hours with methy! sodide and anhydrous potassium carbonate. Methy! 3° 5-dimethoxy-4-methyl- 
benzoate (0-85 g.) obtained by evaporation of the filtered solution crystallised from aqueous ethanol in 
needles, mp. 102.103" (Found C, 62-9, H,@8, Cal. for C,,H,,0,: C, 628; H, 67%). 3: 5-Di- 
methoxy -4-methyibensotc acid, prepared by hydrolysis of the ester with 10% potassium hydroxide, 
rystallised from aqueous et in faintly yellow needies, m. p. 213-215" 


2 Bromo-3 5-dimethery-4-methylbenzoe Acid. —A mixture of 3) 5-dimethoxy-4-methy!benzotc acid 
(1-7 ¢.), N-Dromoseccinimide (1 g.), and carbon tetrachloride } (10 ¢ c.) was heated under reflux for five 
hears. The liquid was then pemoved by filtration and the d with hyd 
carbonate. Acrdification of the filtered alkaline solution precipitated 2bromo-3 Sdiantbenp-denalon 








The Constitution of Chlorophorin. Part II. 3551 
35). m. p. 161-165", which crystallised trom 130°) in 
eta Round : ©. 008: Hl.” Cull Ogbe requires 436, M4 rose Haba). A A farther 


pasts &h0e) ane So 
ee Se 





Sty man sree 4 catumnel iam squared aihane® 
charcoal) in blades (2-1 g.), m. p. 198—199° raised by recrystallisation to 202—203° (Found ; C, 87-1; 
, 50. C,,H,,O, requires C, 57-1; H, 48%). 
2-Bromo-3 : 5-dimethoxylerephthalic Acid.—The above bromo-acid (04 g.), dissolved in pgneaee 
potassium aa yeep heen 5 te. was treated with a solution of potassium ae? 
yma ggae y and pease Sempegerete Ses Sue Saws The solution was c 
dioxide, and 1 hyde (0-27 g.) of 2-bromo-3 : 
methoxyievephihalic acid 22 g.), m. p. 243 244° (Found : 
C, 39-4; H,3-2. C,,H,O,Br requires C, 39-3; 


Homoterephthaiic Acsd.—A mixture of p-tolu yah 5 g., | mol.), N-bromosuccinimide (19 g. 
mol), ond carton wtrachieside (1° 2c.) wee heated ender setes Der Sour hones The wl teeabves 
— from 


%. ea @ 
6° (Found: C, 448; H, 34. 


prepared from the bromide (5 5 een oe et 68D 


ote % aqueous potassium b my 
srded homoterephthalic specimen separated from 
irises : C, 50-8; ne. Cale tor CLO C, 0-0; H, 44%) 


2 siaeieideniieenmnenainnians —2 - 6-Dimethoxyb Idehyde (2 g.) (Wittig, A 
1940, 68, 241), rhodanine (1-8 g.), fused sodium acetate (4 g.), and acetic acid (10 c.c. were 
steam-bath. After 45 minutes the mixture was treated with water (50 c.c.), and 
(25 g., 77%) collected and washed with water, any pen et ey SS oe, The 
separated from acetone in rosettes of tic needles, m 
with darkening (Found : C, 09; H, 3-9; N, 61. CAH LOO, recuires arr. “na: NS. %,). 


8-2 : 6-Dimethoryphenyl-a-thiopropionic Acid.—The crude 2: 6-dimeth id hodani 
(2-5 g.) was beated on  steam-bath for 30 tinates with aq.aous sodium hydronide (90 cc ; wb ). 
Hydrochloric acid (30 c.c.; 10%) was added to the solution cooled in a freezing mixture, and the bu 
coloured precipitate of the thio-acid (2:2 g., , 96%), m. p. 166-172", was collected and washed with water. 
The analytical specimen, crystallised first from methanol and then from requeese mateae formed pale- 
yellow irregular prisms, m. p. 175—178° (Found: C, 546; H, 51. C,,H,,0,S requires C, 55-0; H, 
6-0%) 

a-2 - 6- Dimethorybenzyl-a-oximinoacehc Acid. —An aqueous solution of hydroxylamine prepared from 
aqueous hydroxylamine hydrochloride (2 in 2 c.c. of water) and alcoholic sodium ethoxide, and 
8-2 : 6-dimethoxypheny!-e-th (2-5 g. — was heated under reflux for 20 minutes. When the 
ethanol was ¢ ted and residue treated with d = OB 
insoluble by- uct (0-13 g.) remained which c lised from aqueous ethanol in colourless 
93M" w eataneed by admixture with 2: methoxybenzyl cyanide (see below) 
solution, cooled in a freezing mixture and Foe beeen with ae acid (10 cc.; 10%), gave the oily 
orimino-acid (2-1 g., 84%), which solidified on being specimen crystallised 
= /l acetate-benzene in hexagonal rods, m. p. 174—1 PR mky. ound: C, 64-8; H, 5-6; N, 68. 

sO, N requires C, 552; H, 5-5; N, 5-9%). 


Cyanide.—The unpurified oximino-acid (2-1 g.) was heated on a steam-bath 
(6-5 c.c.) until effervescence ceased (5 minutes). 
water and the precipitate crystallised from aqueous ethanol (charcoal). cyanide 
was thus obtained in hexagonal! plates (1-25 g.. 81%), m. p. 93-94" raised borg te isation to 
9%). 

















95—96° (Found: C, 67-6; H,@1; N, #1. C,.H,,O,N requires C, 68-1; H, 63; N It was 
pa tee cclnarsininnegr sgt tyne water or aqueous ethanol. 


Oy nn rani OS 0) wns teat under reflux 
oes Se wane ene | was d (44 hours). This 
sous ethamal gave rectangular 87%, yield), 
m. p. , was collected and snd aryetaltion’ @ ueous ethanol gave rectangular prisms, m 
158-156" (Found : C, 61-2; H, 64. ao om a 61-2; H, 61%). " “a 
PR me ap sm Get prepared by the use of diazomethane, failed to crystallise 
eit eh a ; @0-88) for 12 hours, the ester (0-15 g.) was converted 
cee — > (O-11 m. p. 1 147°, which ted from water in 
ew pee p. 158—159° with it softening from 149° (Found: C, 61-6; H, 67; N, 7-4. 
oH JOAN requires C, 61°; H, 6-7; N, 7 d 


2:4 ic Acid (111; (2 g.) (Bell, 
and Robertson, /., 1937, 3 .) were heated 
ae hours. licune 

s 
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dicaide was into it gave 2 4-dibydroxy-5-methylbenznc acid (0-05 g , 39%) as a brown solid, 
mp. 201—203° raised by recrystailisation from water (charcoal) to 204-206". 

Methylation of the hydromwy-a.id (1 g.) was achieved by heating it in acetone with methy! iodide and 
jotassium carbonate for 48 hours. Evaporation of the acetone gave methy! 2: 4-dimethoxy-5-methy!- 
benzoate, ating from light petroleum (b. p. 40—460") in clusters of orange triangular prisms (0-52 g ), 
= p 8-0". 2. 4 Dimethory-\-methyld acid was obtained by hydrolysis of the ester with 10° 
aqueous wxliom hydroxide, and it © lised from 50%, aqueous acetic acid in needles, m. p. 166 
(Found: C, @9; H, 65. 7 ad, Sonetien Cc, 612; H, 61 Oxidation with 5% aqueous 
potassium permanganate yiekied a product.m p 262 (decomp MP identical with 4. 6-dimethoxy- 
tsophthalic acid, m. p. 264° (decomp.) (Spath and Klager, Ber., 1934, 67, 659). 


The authors thank the Colonia! Products Research Council for the award (to M. F G.) of a maintenance 
grant. 
Tee Usrvessrry, Norrincnam Recewwed, July 27th, 1950, 





703. Experiments on the Synthesis of the Pyrethrins. Part V. Syn- 
thesis of Side-chain Isomers and Analogues of Cinerone, Cinerolone, 
and Cinerin-I, 


By L. Ceomere, A. |. B. Eooan, S. H. Harper, (Miss) M. W. Lowe, 
and D. THomrson 


Routes to 2-ketoalkene l-carboxylic (y-alkenylacetoacetic) esters are surveyed and the 
synthesis of natural cinerolone (cts-crotylrethrolone) (cf. Part LV) extended to more accessible 
side-chain isomers and the lower homologue, allylrethrolone. Several such esters are 
hydrolysed and the sod salts cond d with pyruvaldehyde in aqueous solution to give 
S-hydroxyalkene-2 . 5-diones, which are cyclised by alkali to (+)-alkenylrethrolones. These 
keto-aleohols are esterified with one of more of (+ )-trans-, (.+)-trans-, (—)-trans-, and (+-)-cts- 
chrysanthemi acids to give a series of alkenyirethrins, isomeric with or analogous to cinerin-I, 
for comparisons of their insecticidal potencies with that of pyrethrum extract 

The sxtio-derivatives of the 2-ketoalkene-l-carboxylec esters are condensed with bromo 
acetone and subsequently cyclised with alkali to give further alkenylretbrones (cf. Part II 
tsomerk with or analogous to cinerone and possessing jasmone-like odours 





Unt recently the total synthesis of esters of the type (I), of which cimerin-I (Ila) ard 
pyrethrin-I (1d) occur naturally as insecticidal constituents of pyrethrum flowers (Chrysanthemum 
ctnerariifolium), bas been limited to examples where RK is alkyl (le and d) (Crombie, Elliott, 
Harper, and Reed, Nature, 1948, 162, 222; Crombie, Elliott, and Harper, Part III, /., 1950, 
971) 
* _Cile CR (la, R « CHyCH-CHMe-cis) (le; R CHyCHC 
CH OO-O-CHO (1b: Rw CHYCHICH-CHICH,) (If; R = CHYCH: 
Me CicH-CH CH,CO (le, R » CHyCHyCH Me) (lg; R « CHyCHyCHCH, 
(L) (ld: R « CHyCHyCH,CH Me) (IA; Ro» CH,CMe°CH,) 

These esters were obtained by reaction of the 2-alkyl-3-methylceyclopent-2-en-1l-one (alky!- 
rethrone) with N-bromosuccmimide, and subsequent treatment of the 4-bromo-ketone with 
silver (+ )-frans- or (+-)-cis-chrysanthemate. This method is not capable of direct extension 
to the preparation of alkenylrethrins (1; R « alkenyl) (see Part II1) owing to simultaneous 
allylic substitution in the side-chain of the alkenylrethrone Then Schechter, Green, and 
LaForge (J. Amer. Chem. Soc., 1949, 71, 1517) briefly reported that the condensation in aqueous 
solution of pyruvaldehyde with sodium 2-ketoalkene-l-carboxylates (y-alkenylacetoacetates) 
(111; Ro alkeny!) gave 3-hydroxyalkene-2 - 5-diones (IV; R = alkenyl), which were cyclised 
by aqueous sodium hydroxide to the alkenylrethrolones (II; R « alkeny!) (for an exposition 
of this nomenclature, see Harper, Chem. and Ind... 1949, 636; Pyrethrum Post, 1950, 2, No 1, 
20). Several of these keto-alechols were esterified with naturally derived (4+ )-irans- 

ye Me 

co CHR ¢o CH,R 

CHO HO-CH { 
Ho ‘CHYCO 
(Ill) CO Na (Iv.) 
(Ila—», as for 1) 


«brysanthemic acid and with the mixed (-)-«is- and (+-)-trans-acids obtained by the addition 
f ethyl diazoacetate to 2: 5-dimethylhexa-2 : 4-diene (cf. Campbell and Harper, Part I, / , 





[1950] Experiments on the Synthesis of the Pyrethrins. Part V. 3553 


1945, 283). These esters were tested for “ knock-down " effect and insecticidal activity against 
houseflies by Gersdorff (/. Econ. Entomol., 1949, 42, 532; Soap, 1949, 25, No. 11, 129) with 
results, particularly for allylrethrin (le), that make the supersession of natural pyrethrum by a 
synthetic analogue a distinct possibility (Chem. Eng. News, 1949, 27, 930, 1942, 2074; 1050, 28, 
1138, 1234, 2170; Agric. Chemicals, 1949, 4, No. 6, 57, No. 7, 63; Stoddard and Dove, Soap, 
1949, 25, No. 10, 118; Moore, ]. Econ. Entomol., 1950, 48, 207) 

As a log'cal development from our synthesis of cinerone, cinerolone, and cinerin-I (Crombie 
and Harper, Nature, 1949, 164, 534; Part IV, /., 1950, 1152), we have used this condensation 
to obtain more accessible alkenylrethrolones. We now describe the synthesis of alk-2-eny! and 
alk-3-eny! side-chain isomers and analogues of cis-cinerolone and their esterification with 
individual chrysanthemic acids to give a series of alkenylrethrins, in the main isomeric with 
cinerin-I, containing the minimum of diastereoisomers. We also describe the synthesis of 
several alkenylrethrones, additional to those already reported (Harper, Part Il, /., 1946, 802; 
Part IV, Joc. cit.), of interest for their jasmone-like odours. After completion of much of this 
work, Schechter, Green, and LaForge (/. Amer. Chem. Soc., 1949, 71, 3165) published the 
experimental details of the preparation of several alkenylrethrolones, using procedures rather 
different from those we had developed, but have not, so far as we are aware, published any 
descriptions of their synthetic esters 

The sodium y-alkenylacetoacetates (111), required for the synthesis of alkenylrethrolones, 
are conveniently prepared by the hydrolysis of the corresponding methy! or ethyl esters. These 
are also intermediates for the synthesis of alkenylrethrones, and in earlier (cf. Part I, doc. cit.; 
Crombie, Elliott, and Harper, Part III, /., 1950, 971; Part IV, Joc. cit.) and unpublished work 
the methy! esters were prepared by the following sequence of reactions (route A) : 


HC) or HBr aq. NaOH 
ROH ——> RClor RBr - ——» RCH(CO,Et), ———> 


bee CHNaAcCO,Et-810H 
RCH(CO,H), ——> RCH,CO,H =—— RCH,-COC! > 


NaOMe-MeOH at 20° 
RCH,€0-CHAcCO,Et — > RCHYCO-CH,COMe 

(where R is the alkenyl! or alkyl group ultimately becoming the side-chain). 

When the homologous alcohol was the more readily available or the more suitable, the shorter 
sequence (route B) was used : 

), then 
RcH,OH nen Be SS RCH, COs, thea as route A. 
A variant on route B was to pass from the bromide to the cyanide and thence to the acid 
(route C). The use of RCH,OH is doubly advantageous for by following route A the 
homologous alkenylrethrolone is accessible from the one starting material. However, an 
attractive alternative (route D) to any of the foregoing makes use of the direct carbethoxylation 
of alkeny! methyl ketones with ethyl carbonate, particularly when sodium hydride is available 
as the condensing agent in preference to the forced condensation procedure necessary with 
sodium methoxide (cf. Wallingford, Homeyer, and Jones, J. Amer. Chem. Soc., 1941, 68, 2252; 
Soloway and LaForge, ibid., 1947, 69, 2677) : 
HCl or Hie CHNaAcCO,Et-Bt0H 
ROH ——> RO ot RB ————>_ RCHAcCOEt 
NeOH ot 30° NaH-E - 
eee} RCH,COMe > RCH, COCH, CO,Rt 

We have reduced commercial crotonaldehyde to trans-croty! alcohol, by the use of lithium 
aluminium hy:iride (cf. Nystrom and Brown, ibid., 1947, 69, 1197), a simpler and more 
expeditious procedure than reduction with aluminium tsopropoxide ; this alcohol was converted 
by route D into ethyl y-trans-crotylacetoacetate (cf. the use of route A in Part Il; retention of 
the trans-configuration is discussed in Part !V, loc. cit.). This ester was hydrolysed and the 
sodium salt condensed with pyruvaldehyde in weakly alkaline aqueous solution to give trans-3- 
hydroxy-n-dec-8-ene-2 : 5-dione, which in more strongly alkaline medium underwent cyclisation 
to (+)-trans-cinerolone (IIf). (+-)-trans-Cinerolone is of interest as being the geometrical 
isomer of natural cinerolone and a comparison was tabulated in Part IV. It was characterised 
as the semicarbazone and the acetate semicarbazone, which, as expected, had higher melting 
points than the corresponding derivatives of either naturally derived (+ )-cinerolone or synthetic 
(+)-cis-cinerolone, and gave marked melting-point depressions on admixture. When using our 
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melting-point procedure (Part LV, loc. cat.) we have not been able to reproduce the high melting 
point (222--223") recorded for this semicarbazone by Schechter, Green, and LaForge (loc cit.}, 
which may be due to the unusually rapid heating (10° per minute) employed by these authors. 

Ethyl y-»-butylacetoacetate, prepared by the direct carbethoxylation of s-amy! methyl 
ketone, sumilarly yielded (+ )-dihydrocinerolone (llc). The 3: 5-dinitrobenzoate was identical 
with the derivative of the keto-alcohol obtained from the actinn of N-bromosuccinimide on 
dihydrocinerone (Part LI1, loc. cit.). This identity provides corroboration of the course of the 
reactions deduced in Part LI 

»-Pent-4-en-1-ol, from the ring scission of tetrahydrofurfury! chloride, has been used as the 
starting material for the preparation of ethyl y-»-but-3-enylacetoacetate by route C. We 
had previously prepared the corresponding methyl ester from #-but-3-en-l-ol by route A 
(Part Il, Joe. est). This exemplifies the dual value of alcohols containing a double bond in the 
3: 4 of more remote position, for we have also used m-pent-4-en-1-ol as the starting material for 
the preparation of methyl y-s-pent-4-enylacetoacetate by route A and thence of 3-methyl-2- 
#-pent-4'-enyleyelopent-2-en-!-one (Part II], loc. est.). Completion of the synthesis from ethyl 
ato caanae rengeeeg yielded (+ )-2-n-but-3’-enyl-4-hydroxy-3-methy leyclopent-2-en- l-one 
(lig) 

To prepare the 2-methylallyl isomer (ILA) of cinerolone we first investigated route 4, starting 
irom the alkenylation of ethy! malonate with 2-methylallyl chloride. Decarboxylation of the 
crystalline 2-methylallyimalonic acid yielded a product which, even after purification by dis- 
solution in aqueous sodium hydrogen carbonate and liberation under ether at room temperature, 
had far too high an equivalent weight. Furthermore, after titration a pleasant-smelling oil 
remained undissolved. Clearly lactonisation had readily occurred, reminiscent of that of the 


cH, CHy. “Y 
CCH CH, COW > } teat “ + C=CH-CHyCO 
CH —O cCHy’ 
(s (VIIL) (VL) 


CH, 


Y CHy. 

X=CH CH, CH, COW _—_> CH,CH,CH, 

cH, CHy 6— “C 
(vil 


isomeric pyroterebic acid (V1) (Linstead, /., 1932, 115) and of 4-methylpent-3-ene-1-carboxylic 
acid (VII) (Linstead and Rydon, /., 1933, 580). In our acid the polarisation of the terminal 
double bond should lead to preferential formation of the same y-lactone (VIII) as is formed 
from pyroterebic acid. Following Linstead and Rydon's procedure, of liberating the acid from 
ice-cold solution under light petroleum, we were able to isolate pure 3-methy!but-3-ene-1- 
carboxylic acid (V) and characterise it by a crystalline p-bromophenacy] ester. Because of this 
complication we turned to the inherently more attractive route D, and again starting with 
2methylally! chloride obtained ethyl y-2-methylallylacetoacetate without difficulty. 
Completion of the synthesis yielded the required branched-chain isomer, (+ )-4-hydroxy-3- 
methy!-2-2’-methylallyleyclopent-2-en-l-one (IIA) 

Condensation with bromoacetone of the sodio-derivative of the intermediary ethy! y-2-methy!- 
allylacetoacetate, prepared by use of either sodium hydride in ether or sodium ethoxide in 
ethanol, and cyclisation of the product with aqueous sodium hydroxide (cf. Part II, loc. cit.) 
“ave the branched-chain isomer of cinerone, 3-methy!-2-2’-methylallyleyclopent-2-en-1-one. 
Although this ketone gave the expected deep-red 2 : 4-dinitrophenylhydrazone of sharp melting 
point, the semicarbazone melted over a wide range and even after crystallisation from three 
different solvents still appeared heterogeneous. No satisfactory explanation for this has been 
found The ultra-violet absorption spectrum of the semicarbazone (a single absorption band at 
2650 « , due to the C{C-“CN-N chromophore, and none at 2050—3050 a.) showed that this was not 
due to partial isomerisation of the side-chain double bond into the isopropylidene position, which 
might have occurred in the presence of the alkali during cyclisation, although we have never 
observed this with »-alk-2’-enylrethrones. A model shows overlap of the 2’-methyl group 
with the 3-methyl and with the carbony! group, but isomerism due to restricted rotation would 
not provide an explanation 

In preparing, by route D, the lower homologue of cinerolone, allylrethrolone (Ile), we have 
particularly investigated variations of the experimental procedures for the condensation of 
sodium y-allylacetoacetate with pyruvaldehyde, and the subsequent cyclisation, in an attempt to 
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improve upon the otherwise mediocre yields at these stages. In neither step, and this also apples 
to the other condensations and cyclisations described in this paper, have we been able to obtain the 
yields since recorded by Schechter, Green, and LaForge (ec. cit.), even when repeating their 
procedures. In our expernence of the condensation of sodium »y-allylacetoacetate with pyruv- 
aldehyde in aqueous solution at pH 80—8, acidification and warming followed by extraction 
gives a better vield of 3-hydroxy-s-non-8-ene-2 : 5-dione than does direct extraction of the 
alkaline reaction mixture. This may be due to incomplete decarboxylation of the intermediary 
sodium 3-hydroxy-2 : 5-diketo-»-non-8-ene-4-carboxylate at pH 8 0—8°6. This would agree with 
the findings of Henze (Z. phystol. Chem., 1930, 189, 121; Henze and Miller, idid., 1930, 198, 88 ; 

1933, 214, 281), on whose work our procedure, for the condensation of sodium acetoacetate with 
pyruvaldehyde at pH 80—8'5, is based. Henze acidified and warmed the reaction mixture to 
complete decarboxylation. However, this contrasts with Schechter, Green, and LaForge's 
finding (loc. cit.) that “ decarboxylation proceeds spontaneously under the conditions of the 
reaction, the final product being the hydroxy-diketone, which can be extracted directly from the 
alkaline reaction mixture,” and oie with Schépt's observation of spontaneous decarboxylation 
when condensing aldehydes (¢ ¢., b ldehyde) with acetoacetic acids in the pH range 
3—11, although at pH £0 the extn Qreus was retained (Schép{ and Lehmann, Annaien, 
1932, 497, 11; Schdpf and Thierfelder, sbid., 1935, 518, 127; cf. SchOépt, J. Amer. Chem. Soc., 
1950, 72, 2816). 

Condensation of the sodio-derivative of the intermediary ethy! y-allylacetoacetate with 
bromoacetone, and cychsation of the product with alkali gave 2-allyl-3-methyleyclopent-2-en- 
l-one, which was characterised as the semicarbazone (m. p. 220-222") and deep-red 2 : 4-<i- 
nitrophenylhydrazone. This analogue of jasmone is mentioned without preparative details 
in G.P. 658,920 (Heme A.G.), though presumably it had been made by Staudinger and Ruzicka's 
less satisfactory route (Helv. Chim. Acta, 1924, 7, 245; cf. Trefl and Werner, Ber., 1935, 68, 
640) 

A correlation emerges, for these n-alkeny lrethrones, between the melting point of the ketone 








Penn, A» is 
Alkenyl(or Aliyl)rethrin. in EtOH. Gece. in CHCl. 
+ )-trans-Cineronyl (+)-trams-chrysanthemate ... _ _ 


-)-trans-Cineronyl i+} 
)-n-But-3’-enylrethrony! 
+ )-2’-Methy’ lrethronyl (4) 


(+)-2’- Methy jlallylrethrony! (+)-trans at prey 
y « 
(+)-2’-Methylallyirethrony! (-+ )-cis 


(+) -w-Butylrethrony! (+ ) trans chrysanthemate = 
( rt ) : 
(+)-m- Butylrethrony! (+ +) -css-chrysanthemate noes 


(+)-»-Amyirethrony 1(4 )trans-chrysanthemate oss 

(+)-2-Amylrethrony! ( ee (Part ITI) ...... 

(+)-Allylrethrony! (+-)-trans-chrysanthemate 

(+)-Allyirethrony! (+}-trans-c 

(+.)-Allyirethronyl ( —)-trans-chrysanthemate 

(+)-Allylrethrony! (+ )-cis-chrysanthemate ebeonetnaneted 

“ ” * (second prepn.) 

semicarbazone and the position of the side-chain double bond. The n-alk-2-enylrethrones give 
semicarbazones of m. p. »200°, whereas the n-alk-3-(4, etc.)eny!l isomers have m. p. < 190°. 
Natural cis-jasmone (cts- -n-pent- 2-enylrethrone) semicarbazone, m. p. 204-—206°, trans-jasmone 
semicarbazone, m. p. 202—-204° (Crombie and Harper, Perfumery and Essential Oil Record, 1950, 
41, 197), and the few other synthetic n-alkenylrethrones described in the literature (n-pent-4-enyl, 
m. p. 164—165°; »#-hex-3-enyl, m. p. 158-—159°; #-non-8-enyl, m. p. 150° (Heine A.G., loc 
cit.)) allconform. An exception is dihydropyrethrone (semicarbazone, m. p. 202°) to which has 
been tentatively ascribed, we believe erroneously, the n-pent-3-eny!l structure (La Forge 
and Haller, J. Org. Chem., 1938, 2, 546; West, J., 1945, 421). 

Each of the foregoing keto-alcohols has been esterified by interaction, in the presence of 
pyridine, with the acid chloride of one or more of (-+-)-frans-, (+ )-trans-, (—)-trans-, and (+-)-cis- 
chrysanthemic acid (Part I, loc. cit.), to give a series of structural and steric isomers and 
of cinerin-I (see the Table). These esters were purified by distillation in a high vacuum, although 
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only obvin's impurities were rejected in the foreruns and residues, for each product consists of 
one or or more pairs of dias’ Consistently with this we observed some spread of 
boiling point and of refractive index. It is general experience that combustion-analyses for 
carbon and hydiogen do net provide a sure guide to the purity either of naturally-derived or of 
fesynthesised pyrethrins and cinerins, and we have encountered this difficulty with the synthetic 
alkenylirethrins (ci. the similar difficulty with alkenylirethrones, Part Il, joc. cit). In an 
endeavour to assess the purity of our products we have determined their ultra-violet light 
absorption (see the Table), Their absorption maximum at 2275 + 10. accords closely with 
that recorded by Gillam and West (/., 1942, 671) for naturally-derived pyrethrin-I (2270 a.). 
It is noteworthy that the introduction of the acyloxy-radica! into the methylene group in the 
y- postion of the triply substituted af-unsaturated ketonic chromophore shifts the absorption 
Maximum to a shorter wavelength by 50—100 4. As the structural variations are remote from 
the chromophoric centre any marked change of d,,, or of ¢,,, 1s not to be expected and none of 
significance is discernible. The assay of pyrethrum extracts by measurement of this ultra- 
violet absorption maximum was considered by Gillam and West (J. Soc. Chem. Ind., 1944, 638, 
23) but rejected as offering no advantage over chemical methods of assay. Nevertheless it has 
recently been applied by Beckley (Pyrethrum Post, 1950, 2, No. 1, 23) to the rapid assay of 
Kenya pyrethrum, with the use of an empirical factor. The validity of this application has been 
discussed by one of us (Harper, Proc. 2nd Internat. Congr. Crop Protection, London, 
1949, in the press), and the results presented here support this discussion 

The alkenylrethrins derived from (+ )-frans-chrysanthemic acid are lavorotatory, as are the 
natural pyrethrins and resynthesised cinerins, esterification of a (+)- or a (+)-alcohol with a 
(+)-acid leading to a (—)-ester No comparable data exist for naturally derived cinerin-I, 
although LaForge and Barthel (/. Org. Chem., 1947, 12, 199) record (a) — 14°26° (whether in 
solution of as the neat ester is not clear for neither solvent nor density is given) for (+-)-css- 
cinerony!l {+ )-trans-chrysanthemate, resynthesised from the naturally derived components 

These synthetic alkenyirethrins are being tested as insecticides against the house-fly 

Musca domestica) by Dr. E. A. Parkin and Mr A. A. Green of the Insecticides Section, Pest 
Infestation Laboratory, and against other species of insects, including plant-feeding species, by 
Dr C. Potter and Mr. M. Elliott of the Insecticides Department, Rothamsted Experimental 
Station. The results and a discussion of their bearing on the relationship of structure to toxicity 
will be published elsewhere 
EXPERIMENTAL 


Microanalyses and determinations of optical rotation are by Drs. Weiler and Strauss, Oxford. M. ps 
are uncorr. The ultra-violet light absorption data were determined in purified ethanol by us with a 
Hilger Uvispek Photoelectric Spectrophotometer H700. Refractive indices were determined at room 
temperature, generally 20° + 4°, and within this range adjusted to 20° by the use of = —- 00004 per 
degree. At temperatures outside this range refractive indices are recorded as observec 


Rowte A Experiments 


3- Methylbut-3-ene 1b -dicarboxylse Acid.—2-Methylallyl chloride (170 g.) was added dropwise during 

ht hours to the stirred hot solution of ethyl sediomalonate, prepared by dissolving sodium (43 in 
ethanol (1 |, dried by the sodium-ethyl phthalate method) and then adding ethyl malonate (300 ¢. 
After refluxing overnight, as much ak ohol as possible was removed by distillation, the residue diluted 
with water, and the crude ester (402 ¢.. 92%,) wolated by extraction. On distillation the bulk had 
b p 104-118") 14 mm. oF 1 4344 


The crude ethy! 2-methylallyimalonate (200 ¢.) was cautiously added in portions to a hot solution 
of sxtium hydroxide (95 g.) in water (250 mil.) and hydrolysis completed by refluxing the solution 
for 4 hours. The hydrolysate was cooled, aculified (Congo red), and thoroughly extracted with 
ether Evaporation of this extract gave the crude oily acid (133 g.), which slowly deposited crystals 
when kept in a vacuum desiccator Addition of a little benzene and filtration gave 3-methylbui 
Senet dicarborylece acid (2-methylalivyimalonic acid) (76 ¢. A portion crystallised from benzene 
formed needles, m. p. 101°, almost invisible in suspension (Found: C, 533, HH. 64. C,H,,O, requires 
C, 631, H, 63%, The acid was characterised as its p-srfrobenry! ester. m. p. 85°, which separated as 
primrose- yellow needles from ethanol (Found: C. 589, H, 40. C,,H.O,N, requires C, 58-8; H, 47% 


3. Methylbut-3-ene-\ carbonyl Acod —- Recrystallised 3-methylbut-3-ene-1 . |-dicarboxylic acid (20 g.) 
was heated at 140° until evolution of carbon dioxkle ceased. Distillation then gave, after rejection of 
a lower- boiling forerun (0-4 g.). crude 3-methylbut.3-ene-l-carboxylic acid which was collected in two 
fractions: (i) b. p. 1165-—119°/34 mm. (10-0 g.), «ff 1.4368 (Found Equiv., 231); and (ii) b. p. 118— 
120° /34 mm. (2-4 ¢.), =f 1.4380 (Found Equiv., 157 Equivalents were determined at 25° by direct 
tiration with 0-05n-baryta (C,H ,.O, requires 1141), and it was observed that an oil (lactone) remained 
undimelved. A portion of fraction (u) (73%, acid) was treated with saturated sodium hydrogen carbonate 
solution and extracted with ether, and the aqueous solution acidified (( — red) under ether. On 
titillation fractions were obtained similar to the above (Found Equiv., 237 and 180, respectively). 
It was concluded that this acid readily andergoes lactonisation 
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To obtain lactone-free acid, recrystallised 3-methylbut-3-cne-1 : l-<dicarboxylic acid (10 g.) was 
heated at 140° for 2 hours and then treated with saturated sodium hydrogen carbonate solution. After 
four extractions with ether the aqueous solution was cooled in ice, covered with light petroleum, and 
just acidified (Congo red) with ing. The separated light petroleum layer was dned and evaporated, 
and the residue distilled, giving 3-mecthylbut-3-ene-1-carborylic acid (2-72 g.. soy). 8 p. 93-04" 9 mm., 
af 1-4386 (Found: Equiv., 114-1). The p-bromophenacyl ester formed needles, m. p. 83° (Found 
C, 42; H, 48. C,,H,,0,Br requires C, 54-1; H, 485%). 


Route C Experiments. 

Methyl 2-Keto-n-hept-6-ene-|-carbosylate.-—-Tetrahydrofurfury! alcohol (5 moles) was converted into 
tetrabydrofurfuryl chloride (75%), b. p. 57--58°/30 mm., and thence by ring scission with sodium into 
=-pent-4-en-l-ol (84%), b. p. 134—137°, aff 1-4555, by Siiouteg the premian detailed in Org. Synth., 
1945, 25, 84. The «-pent-4-en-l-ol (1:5 moles) was then con . with phosphorus tribromide at 

-25° to —30°, into »-pent-4-enyl bromide (69%), b. p. 128—130°, aff 1.4640, which with m 
qqestte in ethylene glycol at 90° gave n-pent-4-enyl cyanide (83%), b. p. 75--80°/35 mm., «Ff 1-4280 
cyanide was hydrolysed with ing aq um hydroxide to #-hex-5-enoic acid (78%), 
b. p. 100—104°/15 mm., »fP 1-4355, orge, Green, and Gersdorff’s edure (J. Amer. 
Chem. Soc., 1948, 70, 3707). »-Hex- 1 chloride, b. p. 60--64°/30 mm., «Ff 1-4533, prepared in 
99%, yield from the acid by using thionyl! chloride, was condensed with ethy! sodioacetoacetate in ether 
and then without distillation the ethyl e-»-hex-5-enylacetoacetate was treated with cold methanolic 
sodium methoxide to give methyl! y-»-but-3-enylacetoacetate (38% for the two stages), b. p. 135-— 
144° /40 mm, #f 1-4472, following the procedure used in Part [I (/., 1946. 802) 


Route D Experiments. 

Dried and redistilled crotonaldehyde (123 g., 1-75 mol.) (b. p. 101-102") in ether (300 ml.) was 
reduced with ethereal lithium aluminium hydride (19 ie 0-5 mol.; in 600 mi.), following Nystrom and 
Brown's procedure (J. Amer. Chem. Soc., 1947, 69, 1197). Distillation of the product yielded trans- 
crotyl alcohol (97 g., 77%). b. p. 110—121°, nf? 11-4265. Nystrom and Brown record a 70% yield. 

The alcohol (75 g.) was converted into trans-crotyl bromide (103 g., 73%), b. p. 100-104", aff 
1.4768, by the method given in Org. Synth., Coll. Vol. [, 2nd Edn., p. 25. 

ilhkenyl Me Ketones.—The procedure detailed in Org. Synth., Coll. Vol. 1, 2nd Edn., pp. 248 and 
351 was follo , the undistilled crude intermediary ethyl a-alkenylacetoacetate being hydrolysed at 
room temperature and the alkenyl methyl ketone isola’ by steam-distillation. 

On a 2-mol. scale ally! chloride yielded #-hex-5-en-2-one (46% ; based on the ethyl acetoacetate; 10%, 
excess of halide was used), b. p. 126—120°, wf? 1-4197, and on a 4-mol. scale the product (50%) had b. p, 


123-—129°, wf? 1-4180. Schechter, Green, and Laporgs (- Amer. Chem. Soc., 1949, 71, 3165) have since 


recorded a 48% yield of ketone, b. p. 127-132", »f 1-41 
at 0-5 


On a 2-mol. scale 2-methylally! chloride yielded 5-methylhex-5-en-2-one (54%), b. p. 148-—150-5", 

1-4305. Kimel and Cope (ibid., 1943, 66, 1992) recorded a 51% yield of ketone, b. p. 148-149", 
np 1-4279, by hydrolysis with boiling 10% potassium hydroxide, whereas Schechter, Green, and LaF« 
(Joe. cit.) have since recorded a 62% yield of ketone, b. p. 145-150", ae 1-4278, by hydrolysis with 15%, 
potassium hydroxide at 0—5°. 


On a 0-75-mol. scale trans-crotyl bromide yielded trans-n- -5-en-2-one (64%, based on the halide ; 
50%, based on the ethyl acetoacetate), b. p. 148—152°, #ff 1-4286. Schechter, Green, and LaForge 
(loc. cit.) have since recorded an 81% o yield by the use of 2 mols. of ethyl acetoacetate. 


Ethyl y-Athenyl(and Alhyl)acetoacetates.Soloway and LaForge’s procedure (ibid., 1947, 69, 2677) 
was followed for the carbethoxylation of the alkenyl(and alkyl)methy! ketones (1 mol.) with ethy! 
carbonate (2 mols.) by the use of sodium hydride (2 mols.) as the condensing agent. Contrary to Green 
and LaForge (ibid., 1948, 70, 2287) and to Swamer and Hauser (ibid., 1950, 72, 1352), we have not 
observed any marked influence of further grinding of commerical sodium hydride on the yield in this 
reaction. Lake Schechter, Green, and LaForge (loc. cit.) we have observed a change of refractive index 
of these 8-keto-esters with time. Evidently on distillation in a Pyrex-glass apparatus some separation 
of the enolic form occurs, followed by slow reversion to the equilibrium mixture at room temperature in a 
Pyrex flask or more rapidly (ca. 5 minutes) in contact with the soft-glass prisms of a refractometer. The 
refractive indexes recorded are the equilibrium values. The still residues y solidified on cooling. 
and we tentatively identify these products of further condensation as homo: of 3-acety!l-2-hydroxy- 
2-methyl!-4-pyrone (see, n-hexyl methyl ketone). 


On a 0-75-mol. scale »-hex-5-en-2-one yielded ethyl 2-keto-»-hex-5-ene-l-carboxylate (84%), b. ?. 
60—65" 0-2 mm., 1-4425. In an earlier i ton a l-mol. scale a 72% yield was obtained of a 
product, b. p. 7 "1-5 mm., «ff 1-4425. Sc ter, Green, and LaForge (loc. cit.) have since recorded 
a 77% yield of product, b. p. 107—111°/14 mm., ff 1-4393. 


On a 1-mol. methylthex-5-en-2-one yielded ethyl 2-keto-5-methylhex-5-ene-1-carboxylate 
(74%), b. p. 68—72°/0-2 am, a 1-4479. Another run gave 67% yield, b. p. 75—77°/ca. 0-2 mm., 
1-4485. cra | —_ LaForge (loc. cit.) have since recorded a 70% yield of product, b. p. 


by hydrolysis with 11% potassium hydroxide 





-5-en-2-one yielded ethy! 2-keto-trans- 5-ene- 1] -carboxylate 
‘sia and Canter Gao cit) secavded on 0% 
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a i-mol. scale s-heptan ethyl Sern een pee pry (68%), b. p. 81— 
oO 6 mm... 14318. Slsucy ond Labeoe Yoo. eit.) a yield of product, b. p. 108— 
1iz"/ti om... 1-4326; whereas Wallingford, Homeyer, and Jones (id:d., 1941, 63, 2252) recorded b. p. 
75 —78°/2 mm. (misprint for 2 mm. 7), wf 1-4337. 


In an early experiment on a |-mol. scale »-octan-2-one gave ethyl 2-keto-s octane-!-carboxylate, 
p. 0709" '1-46 mm., «ff 14366, in only 27% . which was characterised by conversion into 
1. vipyrazol-4-one, m. p. 4-85". [ 
~106"/2 mm., «ff 1.4373, m. p. 8445". 
—. 00 crystallisation from methanol formed plates, m. p #4" 
¥ 1 Leena 71, H.@16%). We tentatively identify this substance as 3-n-Aeptancyi- 
Bis Me 


Recently, on a ©25-mole scale, we have obtained a 47% yield of ethyl 2-keto-octane-1- 
carboxylate, b. p. 90—03°/0-25 mm., «ff 1-4356, but this is still much below the yield obtained with 
s-heptan 2-one and the alken 2-ones. 


We have also used the forced-condensation procedure with sodium ethoxide (1 mole) and ethyl 
carbonate (4—4 moles) (cf. Walli Homeyer, and Jones, joc. oi.), and for the carbethoxylation of 
hex 5-en-2-one of a 0 5-mole we have found the following satisfactory 


Sodium (12-5 g.) was powdered Sie Soak Om Or eee, then transferred to a 3-necked 


residual sodium ethoxide was evacuated at 30 mm., and then attached to a heated 4% x 1-5.cm 

packed colama with a vacuum ~take-off, and ethyl carbonate (350 ml.) added. During 3 hours 
as hex Sen 2-one (49 ¢.) was dropwise with stirring whilst ethyl carbonate (50 ml. portions) was 
also added at one-hourly intervals while a slow distillation was carried out at %) mm. (bath 
temp. 65°, reflux ratio 5 1) and at the conclusion of the additions a further 100 ml. of distillate was 
collected. The still-residue was then cooled and acidified with aqueous acetk acid, and the oil separated. 
The aqueous layer was saturated with salt and extracted with ether (3 » 60 mil.), and the extracts 
bulked with the ofl After drying (Na,SO,), and removal of the solvent, fractional distillation gave 
ethyl 2-keto-#- hex-4-ene-l-carbomylate (49 ¢.. 57%), b. p. 50-—60°/0-1 mm... »F 14425. By a similar 
procedere, but using sodiam methoxide, Schechter, Green, and LaForge (Jee. cit.) have obtained a 71% 
yieki 

3 Hydrosyalhene(and alkane)-2 S-diones. 


In general (procedure 4), an aqueous solution of the sodiam (or potassiam) 2-ketoalkene (or alkane) 
carboxylate was prepared = aes the ethyl (or methyl) ester (1 mol.) with 310% sodium or 
potassium hydroxide (1-1-—1.25 mols.) for 72 hours at room ee, Potassium hydroxide ve less 
deeply coloured solutions. Any undissolved oil, presumably re-formed alkenyl (or alkyl) methyl! ketone, 


was removed at this stage. Without isolation of the Ste pis acid, neutrabsed aqueous pyruvaldehyde 
s- 


(1-11 25 mols.) was added and the mixture adjusted to  (narrow-range indicator paper) by the 
cautious addition of acid or alkah. This solution was set cite at 20-35", whereupon an oll soon started 
to separate. When the separation of oil was judged complete (6—7 hours at 35°, up to 48 hours at 20°) 
it was ren off and the aqueous layer acidified with hydrochloric acid. More oil ted on warming 
the solution to 50° and bubbling air or nitrogen through it. This oil was removed ether extraction, 
and the process repeated until no more ot! separated The aqueous layer was thes saturated with salt 
and again extracted with ether. The oil and ether extracts were bulked and dried (Na,SO,), the solvent 
removed (column), and the product fractionally distilled at cs. Ol mm through a Ox 5 mm 
unpacked vapour-jacketed column 


Uniess otherwise stated. commercial aqueous “30%,” pyruvaldehyde was used. Assays by 
precipitation of the 2 4-dinitrophenylosazone with aqueous 2 4-dinitrophenylhydrazime hydrochloride 
and also by titration with barium hydroxide in the presence of hydrogen peroxide showed it to contain 
35-36%, pyruvaldehyde and by direct titration with barium hydroxide to be approx. normal with 
a to organic acid. The appropriate volume of solution was neutralised with 10% sodium 
hydroxide before use 


3-Hydrory-n-non-S-ene-2 5-dione—Following procedure A ethyl 2-ketohex-5-ene-]-carboxylate 
(85-0 ¢.) was hydrolysed with 10%, potassium hydroxide (350 mi.), and the resulting solution of sodium 
salt cond 4 with ag pyruvaldebyde (100 ml.) at 35° during 6 hours (total volame ce. 500 mi. ; 
‘4, ea. bm). After isolation as described, distillation at 0-16 mm. gave the fractions: (i) b. p. < 89", 
of 1.4921 (3-0 g); (i) bp. BOO", mB 14660 (4-2 g): (iti) b. p. O1—03°, wR 14688 (17-8 @)> (iv) 
b. p. 0306", wh 14697 (9-5 g.): (v) b. p. O5—100°, wR 14717 (3-1 g.). Pracuons (ii)—(iv) represent 
a 37% yield of S-hydroxy-s-non-S-ene-2 : 5-dione. In another experiment by this procedure 
the acetoacetate (25-3 g.) was hydrolysed with 3%, sodium hydroxide (240 mil.) and thea pag oN 
with aqueous pyru yde (38 mi.) at 35° du 6 hours (total volume ca. 300 ml: t.¢., ca. O-5m 
On distillation at 0-5 mm., the product yielded the fractions: (i) b. p. <100°, a 1-4637 (0-48 :: 
(i) be p. 100-— 101°, wf 1.4675 (8-78 g.); (hii) b. p. 101—105", wR 1.4693 (1-45 g.); (iv) b. p. 105- oe". 
wf 1.4702 (1-60 ¢.). Fractions (ii) and (i) represent a 36% yield of hydroxy-diketone 


In other experiments, the intermediary carboxylic acid was isolated by cooling the hydrolysed solution 
to 0°, acidifying it to pH 3 with hydrochloric acid, and immediately extracting the solution with cold ether, 
toliowed by removal of the solvent under reduced pressure. Sach acid (ce. 88 g., from 106 g. of ester) 
was added to ice-cold water (88 mi.) and neutralised with 10% sodium h mide ( thalein) 

vde (1 
aay — to pH 80 
temperature. An oil started to separate after 30 minutes, and when separation was ‘complete (48 sane) 











[1950) Experiments on the Synthesis of the Pyrethrins. Part V. 3559 


aqueous layer extracted with ether (5 x 75 ml), without acidification. The 

combined extracts and oil were dned (Na,SO,), the solvent removed (column), and the 
nD Ln. Ota ch Laat C1 ED, Oa) Cb ab eT” OB Lanes tee gs, . 
a SS ees ); (ii) b. p. 85—87", aff 1-4604 (18-2 g.); (iv) b. p. 
eee te .). Redistilation of (i) and (v) gave a 
(iv) and (vi) were bulked. 


Seve sacrament p. 85—90°/0-07 mm., wf 1.4657. 
wy = a oe -8-ene-2 : Ce es ae A ethyl 2-keto-5-methythex -5-ene-1- 
oe I Fetal Gh SO 
ry hs described 


5 hata = wo 14577 
oes.) (4) bp "102 —112", Wasi (een), (iti) b. p. 112—118", is 1408 eee): f°. p. 118 
1a af baad (1-8 g.). Fractions (ii) and (iii) represent a 38%, yield of methylnon-s- 


i alti iaihiinatltt) anil la ita 
eager a (350 ml. ; 25% excess) at 
yruvaldehyde (120 


b. p. 98—102°/0-3 mm. ng eae 

3-H ydroxy-trans-n-dec-#-ene-2  5-drone. — Following procedure A ethyl! 2-keto-trans »-hept-5-ene-|- 
carboxylate (18-6 g.) was hydrolysed with 3% sodium h xide (137 ml.), a little undissolved oi] (0-85 ¢.) 
removed, and the sol with whole 


The 

was brought to pH 80—8-5 
Isolation as described above followed by ee. — 
trans-n-dec-8-ene-2 : 5-dione (8-75 g., “y: > ie 
0-7 g. of less pure material, b. To i mm . La 
Oe vay who used a rather differen Lecet povendane, report a 758 yisha of poodest. b. p. 97-—100° 0-1 mm. 
nf 1.4679 

3-H ydroxy-n-dec-9-ene-2 5-dione.— By using procedure B, methyl 2-ketohept-6-ene-l-carboxylate 
(30 g.) was hydrol with 10% sodium hydroxide (150 ml.) for 48 hours. After liberation and 
isolation of the . dissolution in | 
with neutralised aqueous yoy 





ture as 

forerun (1-2 g.). the fractions : i) p 84—04°, wff 1-4630 (0-12 g.); (ii) b. 'p. oe" 

(2-90 g.); (iii) b. p. 98—100°, mB 1-4687 | (003.6); (iv) b. p. 100—110", wf 1-4740 (0-32 g.). 
w-dec-9-ene-2 : 5-dione. Schech 


ii) (iii) represent a 28 [iy ais ydroxy-~ ter, Green, 
Lar are beat by voning a he a Be pee rom obtained a 77%, yield of product, b. p. 04-— 
mm 1-4675 

3-Hydroxy-n-decane-2  5-dione — Following me pec A, ethyl 2- ee eee eer (18-6 ¢.) 

was hydrolysed with 3% sodium hydroxide (165 ml.), undissolved oil (1-4 g.) removed, and the solution 

then mixed with neutralised aqueous een ye (19-25 ml.). The whole was brought to pH 60— 
8-5 by saturation with carbon dioxide, and set aside at 35° for 6 hours. After isolation as described 

— fractional distillation a ow a forerun (0-2 g.) and then 3-hydroxy-»-decane-2 : 5-dione (8 a4 5. 
1.4522. In a condensation at room “ao aah for 3 days, 

4%. Schechter, Green, and LaForge emt.), by the use of a 

procedure, obtained of % yield ; Sues panied pocdost hed & p. 93-—96° /0-05 mm., 


2-ketoheptane-1 ee pan g.) was perp with 10%, 
tion cooled to and acidified 


i described, fractional 
ester), b. p. 100-—103°, nF 1.4516. 
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2. Ailyl- —- weeed ci We kom 2-en-l-one (Alyirethrolone) —3-Hydroxy-s-non-S-ene-2  5-dione 
(32 g.) was cye m hydroxide (220 mi.) for 1-5 hours, and the product isolated as 
described above. Distillation at ca ° mm. gave the fractions (i) b. p. 54—00", wf 1.4803 (4-80 g.); 
a b. p. 100-104", aff 16032 (3-50 (itt) b. p. 106-107", af 15001 (3-45 g.); (iv) b. p. 107108", 

15132 (435 g.); (v) b. p 1lo—1 . 15182 (2-10 g.). Fractions (ti)—{iv) represent a 39% yield 

allylrethrolone. These fractions were bulked and recdistilled at 007 mm. to give the fractions 
a) b. p. 7880", aff 14872 (1-6 ¢.); (ii) b. p. 85—00", aff 1.5037 (0-08 ¢.); (iti) b. p. 90—92", gig 
(1-53 g.); (iv) b. p. @2—09", »y Sg | (¥) b. p. 93-—04", 1-6127 (2-11 g.); (vi) b. p. o4— 
OS", wR 16132 (1-06 g@.); (vii) b B 0606", 1-514] (35 ¢.) Fractions (it)—(vi) were bulked for 
esterificatim, representing only a 22%, yield. her cyclsations with 2% sodium hydroxide for 24 hours 
ren ae oe appreciably higher yields of once-diet material One products invariably showed a 

re and refractive index, the latter er noticeably lower than that recorded by Schechter, 

=. ond Forge (Joc. oit.), who obtained a 50%, yield of material, b. p. 100-—103°'0-15 mm., 
114i. 


4 Hydroxy 3 methyl-2-2 -methylall yic yc lopent-2-en-|-ome 2-M ethylallylvethroione, —3-Hydroxy-8- 
methyinon-§-ene-2  5-dione (34-5 g.) was cyclised with 2% sodium hydroxide (700 ml.) for 3 hoers, and 
the product isolated as described above. Distillation gave a main fraction (10-79 g.), b. p. 123-— 
140° ca. Ol mm, which on recistillation at 0-07 mm. gave, after a small foreran, the fractions -_ (i) 
110-114", wf 1-008 (2-55 g.); (ii) b. p. 114—115°, aff 15070 (3-66 @); (ili) b. p. 115°, aff | sobe 
(1-92 g.). Fractions (i)—-(ili) represent a 29% yield of 2-meth/lallylrethrolone Cyclisation of the 
hydroay-diketone (5-52 g.) in 1%, sodiam hydronide (120 ml.) for 24 hours and distillation gave a main 
cut (2-79 ¢.), b. p. 107-128" /0-08 mm., which on redistillation at 6-07 mm ve, after a forerun (0 mg.), 
the fractions: (i) b. p. 114-116", aff 1-5022 (1-30 g.); (i) b. p. 116—11 8°, 1-5084 (0-62 ¢.). Fractions 
(i) and (ii) represent a 30%, yield of etheneinethaainns, A similar cyclisation cf the hydroxydiketone 
(5 52 g.), but in 3% barium hydroxide (88 mi.) for 24 hours, and distillation at 0-1 mm. gave. after a 
forerun (0-37 ¢.), the fractions. (i) b p. 100-111", mB 1.4828 (0-27 g.); (i) b. p. L11—113°, wh 11-5025 
(08 g.): (ii) b 113-115", aH PGLL2 (1-01 g.); (iv) b. p. 116—~120°, wR 15102 (0-20 2). Fraction 
(itt) represents a 38%, yield of alkenylrethrolone. Schechter, Green, and LaForge (/oc. cit.) obtaimed a 
46%, yield of product, b. p. 1156--120°/0-3 mm., aff 15113 


2-trans-Crotyl-4-Aydrory-3-methylcyclopent-2-en-l-ome —(( +) -trans-Cinerolone’.-- + Hydroxy-trans-n- 
dec-S-ene-2 . 5-dione (#28 g.) waa cyclised in 1% sodium hydroxide (180 ml.) for 5 hours and the product 
isolated as described above. Distillation gave a main fraction (2-75 g.. 38% if assumed pure), b. p. 
100.130" «4. O1 mm., as « yellow oil from which shining needles separated during the distillation 
The oil was decanted and redistilled at 6-06 mm. to give the fractions (i) b %)—116" (semi-solid), 
oF 1.6068 (0-37 g.); (i) b. p. 116-118" (trace of solid), nF 1.51464 (1-30 g.) (Found: C, 72-2; H, #8. 
Cale. for CLnHyO,) C, 72:3; HM, & 5%); (i) b. p. 118", oP 11-5128 (0-10 ¢.). Fraction (ii) represents a 
18%, vield of (+)-(ranscinerolone. The b. p. of this product was erroneously tabulated im Part IV 
(/., 1960, 1152) as being at O48 mm. Schechter, Green, and LaPorge (lec. cit.) record a 62%, yield of 
product, b. p. 110-114" 0-15 mm., aff 15143 


Following the procedere used in Part IV (loc. cst.) (+ )-trans-cinerolone (80 mg.) was converted into 
the semicarbazone (32 m, which on recrystallisation from aqueous ethanol formed prisms, m. p. 208— 
209° (Found C, #2. H, 77; N. 188. Cak. for C,,H,,O,N,: C, 502; H, 76; N, 183%). Light 
absorption data and terminal-methy!l content for this semicarbazone were tabulated in Part IV 
Following the procedure used in Part 1V (loc. est.) ( +)-trans-cinerolone (100 mg.) was converted into 
(+)-frens-cinerony! acetate semicarbazone, which on crystallisation from ethyl acetate had m. p 

57-10 


2-n-Nut-3 -enyl 4A ydrory. S-methylcyck 1 2-en-l-one. 3-H ydroxy-n-dec-9-ene-2 : 5-dione (8-93 g.) 


was cyclised m 10%, sadiom hydroxide for | hour at 29°. On isolation and distillation at ca. 0-1 mm., as 
described above, the toduct yielded, after a forerun (0-89 x.) ey fractions: (i) b. p. 96—100°, af 
1.4985 (0-37 g.), (fi) f 106... 105", «ff 112 (0-29 ¢ (1a E. 105 107°, w® 1.5050 (1-41 ¢). 
(iv) b. p. 107-108", aff 1.6052 (0-46 ¢.); (v) b. p. 108—115°" oP i 171 (0-41 g.). Practions “ (iv) 
represent a 20%, yield of alkenylrethrolone, which on redistillation at 0.03 mm. had b. p. 90 _ 
1 MMO 15054 (1-83 Schechter, Green, and LaForge (loc. cit.) obtained a 47%, yield of this pr: aie t 
b. p. 108113" 0-2 mm., aff 1.5080 

2 n Butyl-4-bydrovy-3-methylc yclopent 2-en- 1 -ome (+ )-Lrhydrocimerclone).—3-Hydroxy-n-decane 
2 S-dione (8-08 ¢.) was cyclised in 3%, sodiem hydroxide (59 ml.) for 21 hours at room temperature 
and the product wolated as described above. Distillation at ce. 0-1 mm. gave, after a forerun (0-30 ¢ 
the fractions. (i) b. p. 112-122", wf 1-4845 (2-43 g.); (ii) b. p. 122—132°, nf 1-4040 (0-80 ‘ 
Redistillation of (i) eliminated more forerun (0-29 g.) and then gave (iii) b 113 oP 1-4925 (1.37 
Fractions (ii) and (ili) represent a 30%, vield of (+)-<lihydrocinerolone. Cyclisation of the iodeens 
diketone (2.37 g.) in 10%, sodium hydroxide (26 ml.) for | hour gave a lighter coloured product but as 
before this did not give clear-cut fractions on distillation. After a forerun (0-09 g.), the following fractions 
were collected on distillation at ca Ol mm fi) b 110120", «Ff 1-4576 (0-10 ¢.); (ii) b 20127 
of 1.4881 (0.72 g.); (i) b. p. 190-142", af 1 abas (0-14 g.). Fractions (1) and (iii) (from which a 
trace of solid separated) represent a 40%, yield of (+-)-cthydrocinerolone. Schechter, Green, and LaForge 
(lee. ei.) obtained a 63% yield of product, b. p. 110--113°/0-07 mm., aff 1.4920. The 3: 5-dinitro 
benzoate (250 mg prepared trom (+)-dihydrocinerolone (200 mg.), crystallised from light petroleum 
(>. p. 60-80") as feathery needles, m p. 100-5—-111-5 The 2 : 4-dinmsétr vlhydrazone, prepared in 
alcoholic hydrochloric acid, formed from ethanol deep-red needles, m. p. 163-0—163-5° after softening 
at 159° (Found: C, 545; H, 57. CyHO.N, requires C, 55-1; H, 5-8%). Schechter, Green, and 
LaForge (lec. os.) record m. p. 1140-51415 for this 2: 4-dinitr yibydrazone, without giving an 
analyss In general we Sand 2 4-dinitrophenvihvdrazine unsatisfactory for characterising alkenyl/or 
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alkyl)rethrolones, for the products crystallise poorly, melt indefinitely, and are often only orange in 
colour instead of the expected deep-red indicative of the e8-unsaturated carbonyl group 


Athenyl(and alhyl\reth:onyl Chrysanthemates ‘Alkenyl(and aikylyrethrins |. 

The (+)-trams- and (+)-cts-chrysanthemic acids used were by Mr. H. W. B. Reed b 
following the procedure detailed in Part I (J., 1045, 283; cf. IV, loc. cit.); the (+)-trans-ac 
isolated trom pyrethrum extract, was kindly provided by Dr. W. Mitchell of Messrs. Staflord Allen and 

w Gull the (-)-Sunc-edld eaal as t prepared in Part I (loc. t#.). 


The iate ackt chloride was freshly for each esterification by reaction of the acid with 
thionyl chloride in te petra . p. 40-—-60°) at room temperature, followed by distillation. 
Typical Samana (from 1 5 g. of acid) were (+)-rans-chrysanthemoy! chloride (67%), b. p 
50—51°/0-15 mm., «Ff 1.4856, also > A agp tiny 12 mm... (+)-érans-chrysanthemoyl chloride (78— 
83%), ox.» 2 a yt mm. . —? 96-5—99-5°/12 mm.; (—)-trans-chrysanthemoy! 
(79%). b. 1° 0-15 mm., i 1aee (+)-cis-cArysanthemoyl chloride (72-—79%), b. p 
W—51° 0- > Fn a 14808 also b. - OCl rege! mm., and b 104-106°/18 mm., 14007 
(Found - Cl 187 OCI requires C, 64-5; H, 81; Cl, 190%). The eisacid 
chloride was = pn ee ®. to nycioat eats “by traces of moisture, and was much less stable than the 
frans-isomer. 


Esterification was effected by addition of the chrysanthemoy! chloride (1-0 mol.) to the alkenyl(or 
alkyl)rethrolone (1-1—-1-25 mols.) in benzene containing pyridine (2 mols.) and aside 

at room temperature overnight. With or without removal by filtration of the p 

the benzene solution was washed with saturated = ee ys sodium hydrogen c 

water, and dried (Na,SO,), and the benzene and traces o — removed at the water 

The viscous yellow product was distilled at ca. 10° mm. a small pear single-necked flask. 
without a ca; leak, and the distillate collected from the ground tip of short side-arm by a 
bent glass which could be rotated to direct the distillate into consecutive receivers. I{ necessary a 
forerun was removed au-! the product collected in two or three fractions, which showed some spread of 
b. p.. due partly to the use of a mercury-in-glass thermometer and the small amount of vapour, but 
presumably mainly, iogether with a spread of refractive index, to the product consisting of one or more 
diastereowsomeric pairs of esters. For representative specimens for analysis and for insecticidal assay 
the main fractions were bulked and redistilled. Again, if necessary, a forerun was eliminated and the 
product collected in several fractions, but these were mixed and portions sealed under nitrogen and 
stored in the dark until required. Contrary to our experience when distilling the alkylrethrins prepared 
by the N-bromosuccinimide route (Part II1, /., 1950, 971), in no case during the present work have we 
observed the forerun to contain free tearm acid. Furthermore the alkenylrethrins were stable 
to distillation and could be recistilled wi t appreciable loss. Ina few specimen straces of unidentified 
solid in the form of fine needles appeared at the hquid surface on storage 


(+)-Aulylvethrony! (+-)-trans- wp ey ~The reaction oduct from (+)-allylrethrolone 
(1-53 g.), (+)trans-chrysanthemoy! chloride (1-60 g.), and eg oe P30 g.).in benzene (27 mil.) yielded 
on a second distillation at 2 x 10° mm. the fractions : (i) b. p. 70—127°, wf 1-4897 (0-20 ¢.); (ii) b 
127—128", ne 1.5051 (0-29 g.); (ili) b. p. 128-129", of 1-5056 (0-56 g.); (iv) b ise ime”, + 
1.5056 (0 rs a) ). Practions (ii)—{iv) were bulked (1-20 g.. 47%) as the required ester (Found: C, 74 
H, §85 soll yeO, requires C, 75-45; H, &-7%) 

In cali preparation, the product from (-+)-allylrethrolone (460 mg.), acid chloride (560 mg.), and 
pyridine (400 mg.) in benzene (6 ml.) gave on a second Tein at 7 x 10°* mm. the fractions 
(i) b. p. 134-—135°, c-_ (50 mg.) (Found : C, 75-26; H, 01%); (ii) b. p. 136-0-—136-5", aff 1.5018 
(110 mg.) (Found : 751; H, 91%); (ili) b. p. 135-5—136-0°, w b's-e0at (130 me.) (Found: C, 75-4; 
H, 0-5%); (iv) b. p “ise 138°, aR r 5042 (40 mg.) (Found: C, bs 2; H, 875%). Fractions (ii)—(iv) 


wate tale (280 mg., 31%). 


(+)-Allylrethronyl (+)-trans-Chrysanthemate.—The product from Sa Ee pmnensy (1-80 ¢.), 
(+)- trans-chrysanthemoy! chioride (1-55 g.), and pyridine (1-30 g.) in benzene (27 “ ) gave on a second 
distillation at | x 10°* mm. the fractions: (i) b. p. 70—100°, nf 1-4928 (0-12 ¢): tay’ 106.101", 


=P 1-5038 (0-52 g.); (iii) b. p. 1010—-101-5°, i 5046 (0-28 (iv) b. p. 101-6-—~ 1 5054 
(0-20 g.) Fractions (ii)—{iv) were bulked (i , 40%) as &' required ester (Found : ¢, 744; H, 
575%), aff —0-28° (J, 0-5, ¢, 13-9 in - Jloroform) 
(+)-Allyivethronyl (—)-trans-Chrysanthemate.—The product from (4)-allylrethrolone (1-42 g.). 
( —)-trans-chrysanthemoy! chloride (1-50 g.), and pyridine (1-20 g.) in benzene (24 mi.) gave on a second 
distillation at | x 10° mm. the fractions: (i) b. p. 90-—100", 1-4926 (0-23 g.); (ii) b 100 101°, 
mB 1-5054 (0-34 g.); (iii) b. p. 101.0—101-5", wR 1-5054 (0-41 g.); (iv) b. p. 101-6—102-0", wh 1-086 
(0-38 g.). ory yt a 13g. 47%) as the required ester (Found: C, 74-6; H, 88%), 
oe + O11" (2, 0-5, ¢, &9 in chloroform 
(+)- pe abe adaet Segre sect TE —The product from (+ )-allylrethrolone (1 48 g.). (> )-ets 
recy ee and pyridine (1-30 g.) in benzene ( i ick. outa on aanannh ditaetion a0 
x 10* mm. the fractions b. p. #—108", of 14025 (0-15 g.); (i) b. Pas toe", nit foe 18060 
37 g.); (ili) b. p. 109-0-—109-5", mB 1-s062 (0-38 g-); (iv) b. p. 1005-11 0-35 
Factions (ii) —{iv) were bulked (1-05 g., 42%) as the required ester (Found: C, 144. 


In another preparation. et i ere ps )-allylrethrolone 290 me), ci hore (20 mg) an 
pyridine (200 me |i benzene (fm at 6 x 10° mm. the fractions ; (i) b. p. 127 

nf 1-5004 (35 mg); (ii) b. p. 129—190°, p teagh oA UE pd C, 749; H, ); (iti) 
b. p. 1390--131°, nf 1-5067 (160 mg.) (Found: C, sg H, 955%); (iv) b. p. 131-136", 1.5060 
(}) mg.). Fractions (ii) and (iii) were bulked (250 55%). 
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( + )-2- Methylallylrethronyl 
rethrolone (1-00 g.), (+) 
- mi.) gave, on a dustilla 
hee 22-133", 3 L-BOt4 (603 mg.); (ii) b. p. 132° falling to 
~ Ane 7 Gass }. Fractions (i)—(iii) were bulked ( 
} ler . 17; requires C, 75-06, H, §-9%). 

In another , the ese Ses Se eeantian of (290 eae ecatiens OTe). acid 
pnw merge Sg and pyridine ee en ee ne ee ah ee 
fractions: ( rettroe 4088 (40 XF 3 p. 124130", wf? 1.5012 (90 mg.) ; Ma >. 
190-135", * 4 (370 mg.) (F; cena c, 98%); (iv) b. p. 135—138°, wf 1-5037 (50 me). 
Fractions (ii) and (ii) were bulked (460 mg., ra 

(+)-2- Methylailyivethronyl §=(+)-trans-Chrysanthemate—The product from (+)-2-methylallyt- 

(1-20 g.), (+)4rens-chrysanthemoy! chloride (1-33 g.), and idine (1-2 mil.) in benzene 
(12 mi.) a on 4 second distillate at 2 x 10 * mm. and elimination of 4 small foreran, the fractions : 
(i) b. p 138", aR 15018 (0-81 g.); (ii) b. p. 134-—138", wR 1.5042 (0-60 g): (iii) bD. p. 138" falling, 

skice © 00 0) Fractions (i)—-(ii) were bulked (1-57 g., 68%) as the required ester (Found: C, 

4; H, 01%), 0 —@27" U, 0-6, 6, 11-6 in chloroform). 

( +) 2-Methylallyirethromyl San The product from (+ )-2-methylallyirethrolone 
(1-08 g.), (+ )-«ts-<hrysant chorus (104 ¢) and pyrene 00 mi.) in benzene (10 mi.) gave, on 

@ second distillation at 3 « 10 mm. and elimina a small $3" falling al PTS mar 
ise af 1.0042 (0-912 g.). (ii) b. p. 182°, wh 1-5070 (0-157 g.); (iii) b. p. 1 ext war 183 ¢.). 
Fractions (i)-—(i) were bulked (1-25 g., 66%) as the required ester ( ocak: C78 16-7: 

In another me ome the we from ( +)-2-methylallytrethrolone (250 ) Presa oe 
chloride, and mel, ant p 13) n 10s" oP 10000 (0 me 7* mm. the fractions 
¢ b. p. 124-131", EL see : (ii) b. p. 131—132-5°, wHP 16026 (50 mg.); (iii) b. p. 132-5—134", 

1.5039 (130 mg.) (Pound: C, r+ H, @2%); (iv) b. p. 134—136", af 11-5039 (20 mg.) Fractions 
‘o) (iv) were balked (200 mg.. 41%) 

(+ )-trans- Comeronyl (+ )-trans-CArysanthemate. — The Wages on product from (+)-trans-cinerolone 
(nee me). (4) Gane-coszenat hemoy! chloride (200 mg., preparation as was used in Part IV, 
lee. cit.), and pyridine (0-2 ml.) gave, on distillation, by dened hot ), =P 1-5061, and then the required 
ester collect a two —- b. p. 196-—137°/5 x 10* mm. oe 1-6071 (240 pay f (Fou Cc, 
72; H, 4. wires C, 76-96; H, 8-9 (ii) wR we 1.0073 (100 mg.) (F . 768; H, 
5 76%) Practise ff 8 act fay represent a ‘70% oem, 

{ +)-trans-Cemeromyl ( + )-cis-Chrysanthemate The oral from (+)-#rans-cimerolone (260 mg), 
( +) -ees-chrysant 1 (200 mg.), and pyridine (0-15 mil.) im benzene (6 mi.) gave, on 
distillation, a forerun (26 mg.), 1-5023, and then the required ester was collected in two fractions, b. p. 
133.136°/7 = 10°* mm.: (i) wP 15064 (126 mg.) (Found: C, 76-2; on ; (i) wR 15068 (118 
mg.) (Found: C, 764; H,@2%). Fractions (i) and (ii) were bulked (2464 %). 

(e)-n bP tier Nan (+)-trans-Chrysanthemate.—The reaction rae to from (+)- -m-but-3- 

lrethrohone (1-55 g.). (+) -trans-chrysanthemoyl chloride (1-62 g.), and pyridine (1-30 ¢) in benzene 
a mi} gave on a second distillation at | x 10° mm. the fractions: (i) b. 4—100°, af 
14928 (0-37 g.). (ii) b. p. 100-0-100-5°, “PI. SOLS (0-58 g.); (iii) b. p. 100-5—101-0", dh 5019 (0-43); 

1 40%) as the 


(iv) b 101.0 101-8 ot 1.5021 (0-10 ¢ Fractions (ii)—(iv) were buted (i 
8-9%) 


required ester (Found Cc. 757, 4.03 €.H,,0, requires C, 75-95; H. 

( +)-m- Butylrethromyl(Dshydrocimerony!) (+ )-trans-Chrysanthemate.—-The product from (+ Pea 
cinerolone (252 mg.), ( t) -trans-chrysanthemoy! chloride (290 mg.). yridine (200 mg.) in 
fe ~ ve on distillation at 5 = 10°* mm. the fractions: (i) b. p. < “eide 5°, wR 1.4873 (20 
b. p. 194.5--136-0°. wR 1-4068 (160 me) (Found. C. 761: H. 101. Cale. for Cole, 
H, ’ 5%); (iii) b. p. 136—140°, wf 1.4957 (100 mg). Fractions (ii) and (iii) were bulked {24d mg.. so%} 
as the required ester 

(+) -n- Butylvethrony!( Dihydrocineromy!) (+-)-cis-C i g~—ne — product from (+)-dibydro- 
cinerolome (262 mg.). (+)-cts-chrysanthemoy! chloride (290 = pridine (200 mg.) in benzene 
(4 mi.) gave on — at 9 x 10° mm. the fractions b p. 120-128", 7 (20 mg.); 
(i) b. p. 128-—132", 1-4028 (60 mg.); (iti) b. p. 132-136", a} 1-4674 (Found 755; H, 96%): 
(iv) b. p. 136-139", - 1.4990 (80 mg.). Fractions (ii)—(iv) were bulked (200 mg.. 58%) as the required 
ester 


Athenvi(and alky!\rethromes 


2- Allyl 3 methyicyclopent 2-en-l-one (Allylrethrone) —Ethyl 2-ketohex-5-ene-l-carboxylate (10-0 g.) 
was added to powdered sodium (1-63 g.) suspended in ether, and next day the solution was treated with 
bromoacetone (12-0 ¢.) (cf. Part I], lee. ef.). The undistilled product was stirred with 3% sodium 
hydroxide (200 ml.) at 70° for 2 hours, and on isolation the crude ketone (3-9 g.) had b. p, 63-——70° 0-3 mm 
Reaction in pyridine (2.5 ml )-ethanol (10 ml.) with a solution of semicarbazide hydrochloride pm 3 g.) in 
water (2-7 ) yielded the semicarbarone (1:50 ¢). which crystallised as plates, m 322° 
(decomp.), from ethanol (Found C, 61-5, H. 75; N. 21-6. Cale. for C,H,,ON,: C, 62-15 1 7-78; 
N. SET), Ames 2650 4. Ques 23,200. Hyctrolysis of the semicarbazone (1 e g.) with oxalic acid 

7 «.) im water (10 ml.) yielded 2-ally!-3 wer 8 Ty 2-en-l-one (0-19 g.), b. p. 125-—126°/25 mm.., 
of 1.4906 (Found: C, 766; H, #9. Cale. for C,H,O 704, H, & 9°) im rather low (27%) 
The ketone was further characterised asthe 2 ¢- dunitr phew ibydrarone which crystallised ethanol 
in os flattened needles, m. p. 173-174" (Found , 5: HL 50; N, 17-6. C,,H,.O,N, requires 
C, 9, H, BO; N,17-7%). GP. 658,020 records b 79—80° 07 mm for this ketone and a semi- 
carbazone, m. p. 217-219" 
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3- M ethyl-2-2 -methylaliyicyclopent-2-en-1l-one pee pe er —Eth ory 
ene-l-carboxylate (18-4 g.) was added to a stirred suspension of sodium Oded 
(50 mi.) during 30 minutes, which wes then stirved minutes), and bromoacetone (20 g Bais 
another 30 minutes. The mixture was su’ Kaen Next day water was 
the ether layer separated and dried. and the 


removed 
cater was ste with 3%, wcbuim hyarorsde (400 wl) at 70" for 3 houre ad the rode 
acidification ether The dned 


on 
210° preys Further successive 
uons from glacial acetic and from ethylene | monoethy! cas taibed either to chanpen 
or to raise the m. p. materially (195-—21"° (decomp.)). 

In anoth tion, the acetoacetic ester (0-2 g.} was added to a cooled solution of sodium (1-5 g.) 
im ethanol (30 ml.}, followed by bromoacetone (10 g.), with stirring, over 30 minutes. The mixture was 
then heated under reflux for 2 hours. The diketo-ester was isolated, cyclised with 200 mi. of alkali, and 
the ketone (2-7 g.) distilled as above. A (1-66 g.) was converted into the semicarbazone (1- ie) 
which, after two crystallisations from ylene glycol ES had m. cy oe - (decomp, 
(Found: C, 63-7; H, #2 CypHysON, sequires C. 63-7; H, 825%), Aces viet ep pistes 

>. 





another i00 mg.) into the 2 ic, Sees, Reta Conta 
m. p. I rye from ethanol (Found Cc, nt uires C 


An attem: to regenerate the ketone by hydrolysis we thew AD 
oxalic savas caanpastatir tae say apadna aed qa yay A OT. 


2-n- A myl-3-methyicyclopent 2-en-l-one oie ay pe a7 —E 2-keto-octane-I-carboxylate 
Sle) wee ee ae ae bb aan cdted cotienin cndicouain 
mixture set aside overnight. Next day bromoacetone od pd phage mwise, and the reaction 
completed by refluxing the solution for 2 hours. Water acid were the ether layer separated, 
and the aqueous layer extracted with ether. oe ee ee ee ee oe 
The crude diketo-ester (45 g.) was stirred with 3%, sodium hydroxide (600 mi.) for 6 hours at * then 
cooled, acidified, and wah tatensted with ether. Distillation of the product yielded a forerun (2-4 g.), 

octan-2-one, and then crude tetrahydropyrethrone (10-3 g.), b. p. 140-——147°/22mm. Treatment 
Oe ens eee en ee Oe eS of ketone (total 12-3 g., ed ° Conversion 
by the pyridine-ethanol mo wat 7 age hydrochloride ure into the semicarbazone (10-4 g ) tes 
from methanol; m. p pas tanta he of this with oxalic acid (20 ¢.) in water (100 ml.), and 
isolation of the ject with +9y¥9e = b. p. 40-60") gave the pure ketone (7-0 g. er 
work, see Part III, loc. eit.). ¢-dinitrophenythydvasone formed dark-red p. 122°, 
from ethanol (West, /., 1945, 412, pe oe p 121-122” for this derivative of the entesdiy derived 
ketone) 
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704. The Equilibrium between Copper and Cupric and Cuprous Ions 
and the Behaviour of the Copper Electrode in Dilute Copper Sulphate 
Solutions. 

By S. E. S. Ex. Waxxapn. 





a difference in the pH value 
The significance of thic fading is Gisoeased in oo fas 20 it 
of cuprous oxide on the copper electrode in very dilute 


El Wakkad (j., 1948, 749). Their tial-activity curves showed a break at 
1 , eitieh-atle SnlineG ants guclanibvad deieaeie and cease teem air emmeeeedtetane 














3564 El Wakkad: The Equilibrium between 


solutions in contact with the metal. The different values assigned by previous authors to the 
equilibrium constant K pf the reaction Cu + Cu” « 2Cu’ were discussed, and 10 was selected 
as the most satisfactory value with which to calculate the Cu-Cu™ and Cu-Cu’ potentials, the 
former for activities higher and the latter for activities lower than 10°. By assuming that 
at activities lower than 10°* the electrode behaves mainly as a Cu~Cu’ electrode, the break in 
the experimental curve was explained. This procedure was criticised by Mousa (/., 1950, 403), 
who, however, overlooked the fact that the accepted value of the Cu~Cu" potential had not 
been determined experimentally but calculated frbm the equilibrium constant itself (Fenwick, 
J. Amer. Chem. Soc., 1926, 48, 860; Bockris ef al, Faraday Soc. Discussion, 1947, p. 331). A 
detailed discussion of the method adopted in determining the constant A is therefore necessary. 
The value of this constant, as stated by Fenwick, is subject to an experimental error of as 
much as 10%, and this explains why Fenwick’s values of both K and the Cu-Cu" potential 
were taken by Tourky and El Wakkad. These facts also make Mousa’s calculation of the value 
of K to the third decimal in 10°*" meaningless 

The main objective of this investigation was, however, to re-examine the value of K 
for the reaction Cu + (u™ « 2Cu" for conditions similar to those at the electrode 
surface. With the help of the value of A obtained, the potentials of the copper electrodes in 
cupric salt solutions are calculated. The break obtained in the theoretical curve in this case 
is found to agree more closely with experument. The calculations are also extended to cuprous 
salt solutions, and it is shown that in cupric salt solutions the potential of the copper electrode 
tends towards that of the standard potential-activity curve of the Cu-Cu’ system at 
4° < ~O5 = 10* On the other hand, in cuprous salt solutions the potential of the copper 
electrode tends towards that of the standard curve of the copper-cupric system at 
@q,: >~O'S x 104 

The standard electrode potential of the Cu~Cu" system is also determined by two different 
procedures and the results are found to be in satisfactory agreement 

The pH values of the original copper sulphate solutions are also determined as weil as those of 
the equilibrated solutions obtaimed after shaking them with metallic copper; a difference amount- 
ing in some cases to ~1°6 pH units is noticed. The significance of this finding for the probable 
precipitation of cuprous oxide or hydroxide on the copper electrode in very dilute copper 
sulphate solutions is discussed 


EXPERIMENTAL 


Four solutions of cupric sulphate were prepared from twice recrystallised AnalaR salt. The gram- 
molarities of these solutions were determined both iodometrically and by electrolytic Spee. 
solutions were shaken at 21° 4 06° with pure electrolytic copper for 5 days in wel red glass 
bottles in an atmosphere of pure nitrogen. When equilibrium had been attained the solutions were 
filtered quickly from the copper in an atmosphere of pure nitrogen, and the cuprous sulphate present 
was determined by titration with standard potassium ree ae 

The pH values of the original copper sulphate solutions and of the equilibrated solutions were 
determined with the glass electrode (Marconi pH meter). In this case three more diluted solutions were 
also examined 


Resvucts anp Discussion 


Table I summarises the results obtained. The equilibrium constant in each case was 
obtained after calculating the activity of the cuprous ion from a knowledge of the ionic strength 
of the solution, the activity coefficient of the cuprous ion being taken as identical with that of 
the silver ion at the same ionic strength The activities of the cupric ions were obtained from 
data given by Tourky and El Wakkad (/., 1948, 740) for copper sulphate solutions, From 
these results it is clear that the mean value for the equilibrium constant K is 1 « 10* as com- 
pared with 1 x 10°* obtained by Fenwick (loc. cit.) and 05 x 10 by Bodlander and Storbeck 
(Z. anorg Chem, 1007, $1, 458 


Taste I 
Cas0O>~” 10°K Cu,SO, 10K 
CuSO, ™ ui * 108) 10a", ae, CuSO, mi x 104) 104%a%9,- /doy. 
02027 42 oo 06-0510 21 09 
1019 31 10 0-0100 13 | 


With this value of KX, 1 « 10°*, the cupric and the cuprous activities in contact with metallic 
copper in cupric sulphate solutions of different concentrations were calculated, and the corre- 
sponding potentials were also obtained as shown in Table II. In these calculations the standard 
potential of the CuvCa™ system was taken as 0°3457 v. (Tourky and El Wakkad, loc. cit.) 





<xx*xM MK KK 
xx<xxx3e kK KM 
xxx xkKM KM EK 


When these potentials were plotted against the log a... (original) the curve A shown 
in the figure was obtained, which shows a break at -~0'5 » 10¢ in agreement with 
Tourky and El Wakkad (loc. cit.). Column 4 
in the same table shows the original a,,- 
necessary to give the potentials in column 5 
when a copper electrode is dipped in a solution 
containing originally only cuprousions. These 
results are represented graphically in curve B 
The standard curves of the Cu-Cu™ and the 
Cu-Cu’ systems are also shown by C and D 
respectively. From these curves it is seen 
that the potential of the copper electrode 
actually approaches that of the standard 
Cu-Cu’ system in cupric salt solutions of 
activities less than ~0°5 x 10; similarly in 
cuprous salt solutions it approaches the 
standard curve of the Cu~Cu™ system in 
solutions of a,,, greater than ~0°5 « 10°¢ 

The Standard Potential of the Cu-Cw 
System.—The value of K being taken as 
1 x 10° and the standard potential of the 
Cu-Cu~ system as 03457 (Tourky and El 
Wakkad, Joc. cit.), the standard potential of 
the Cu-Cu’" system will be equal to 0-49 v 
This value can be confirmed from a knowledge 4 4 . " 4 Poors 
of the E, value of the Cu-Cu,O|H" electrode ME FE oe A < 
and the solubility product of cuprous oxide , geGuenans - 
Tourky and E! Wakkad (loc. cit.) found that the potential of the Cu~Cu,O electrode at pH 
0 is 0507 v., and the solubility product of cuprous oxide as obtained from conductivity 
measurements is 7°18 x 10°“, whence the standard Cu~Cu’ potential will be equal to 0°47 v. 
These results give a mean value of 0-48 + 0-01 v. for the standard Cu-Cu" potential. It 
must be stated that, although the equilibrium constant experiments were carried out at 
21° and the measurements of the potentials of the Cu-Cu,O system and of the solubility 
product of cuprous oxide at 30°, yet such a variation in temperature involves a comparatively 
small change in potential which is believed to be within the limits of error of the stated value 
This value for the standard electrode potential of the Cu-Cu’ system agrees well with that, 
viz., 047 v., obtained by Gatty and Spooner (‘ Electrode Potential Behaviour of Corroding 
Metals in Aqueous Solutions,”” Oxford, 1938, p. 190) from the results of Immerwahr (Z. anorg 
Chem., 1900, 24, 269) and Luther (Z. physihal. Chem., 1900, 34, 488; 1901, 36, 385) 

Concerning the probable precipitation of cuprous hydroxide at greater dilution of copper 
sulphate solutions owing to the increase of pH of the solution, one must take into consideration 
the fact that reduction of cupric sulphate to cuprous sulphate in solution will at the same 
time lead to a decrease in the pH owing to the greater tendency of the latter salt to hydrolysis 
(O'Sullivan, Trans. Faraday Soc., 1926, 21, 319; 1927, 28, 52). This has been proved by 
comparing the pH values of the original cupric sulphate solutions with those of the equilibrated 
solutions obtained after 5 days’ shaking with metallic copper. The results obtained are shown 
below. In this table are shown also the values of the products 4g,.- Gog in each case (a,,- was 
calculated from the equilibrium constant K = 10°*, and ag. from the final pH of the equilibrated 
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CaSO, mu. 
02027 
1019 x 1o* . 
610 x lo 100 x lo 
100 « lw oI : 


solution, pX, being taken as 139). From this table it is clear that down to 4,,-- as low as -. } 0* 
the product of 4..- * Gog is less than the solubility product of cuprous hydroxide (7:18 x 10°) 
and thus there will be no tendency for cuprous hydroxide to be precipitated. At greater 
dilution than ~10°* the pH value may become high enough to cause precipitation of the 
hydroxide and hence the electrode will no longer show a potential varying with 4,,-- but will 
remain more or less constant at a certain value. This confirms Tourky and El Wakkad's 
finding (lec. cif), and indicates also that the drop obtained at a,,-- ~10~ has nothing at all to 
do with the formation of cuprous oxide as suggested by Mousa. 


Usrversrry or Livexroot (Received, August 2nd, 1950.) 


705. The Enzymic Synthesis and Degradation of Starch. Part X. 
The Phosphorylase and Q-Enzyme of Broad Bean. The Q-Enzyme 
of Wrinkled Pea, 


By P. N. Homsow, W. J. Whetan, and Staniey Pear. 


Q- Enzyme, which converts amylose into amylopectin and which, with phosphorylase and 
glucose-| phosphate, is a for the synthesis of amylopectin, has been isolated (as a 
stable freeze-dried powder) from the broad bean and the wrinkled pea. These preparations exert 
the same function as the Q-enzyme of potato. The - of bean has also been 
wolated and shown to be closely similar to that of t potato. It is concluded that the 
mechanism of starch synthess in these three plants is the same 

Methods of removing « amylase impurity from phosphorylase and (-enzyme preparations 
have been investigated and a reliable test for «e-amylase in the presence of other enzymes is 
described. The pheapheryiace has been almost entirely freed from e-amylase, but a complete 
separation of this impurity from Q-enzryme has not been achieved 

In the course of these investigations the presence of a “ debranching “ enzyme has been 
established. This will be the subpect of a later communication 


Tue synthesis of starch in the potato is effected by two enzymes, namely, phosphorylase, which 
synthesises amylose from glucose-] phosphate, and Q-enzyme, which, with phosphorylase, effects 
the synthesis from glucose-1 phosphate of the ramified polysaccharide, amylopectin, and which 
also, when acting alone, converts amylose into amylopectin. Potato phosphorylase was 
described by Hanes in 1040 (Proc. Roy. Soc., 129, B, 174) and Q-enzyme of potato m 1944 by 
Haworth, Peat, and Bourne (Nature, 164, 236). The properties of potato Q-enzyme have been 
the subject of several papers in this series by Peat and his co-workers (J., 1945, 877, 882; 1949, 
1706, 1712; 1950, 84, 93) 

The phosphorylases of the pea (Hanes, Proc. Roy. Soc., 1940, 128, BH, 421), waxy maize (Bliss 
and Naylor, Cereal Chem, 1946, 28, 177), lima bean (Green and Stumpf, /. Biol. Chem., 1942, 
142, 355), barley (Porter, Biochem. ]., 1949, 46, xxxvii), and jack bean (Sumner, Chou, and Bever, 
Arch Biochem, 1950, 26, 1) have already been described, but Q-enzvme has been obtained 
hitherto only from the potato We have now made a detailed examination of the starch- 
synthesiming enzymes of the broad bean (Sutton’s * Prolific Longpod "’) and have compared them 
with the purest available samples of the corresponding potato enzymes. It has been found possi- 
ble to apply to the bean the methods of lead-complex precipitation and ammonium sulphate frac- 
tionation used in the isolation of potato enzymes by Barker, Bourne, Wilkinson, and Peat (/., 
1950, 84). Bean phosphorylase and Q-enzyme have been isolated as stable freeze-dried powders at 
the P1 and Q3 stages in the fractionation scheme set out by the above authors. These prepar- 
ations have been used for comparative purposes and also as the starting materials for attempts 
at further perification 

Properties of the Bean Q-Enryme.—The action of bean Q-enryme (Q3 fraction) on amylose 
presents the same features as those which characterise the action of potato Q-enzyme. The 
reaction shows two distinct phases. There is an initial rapid fall in the blue value of amylose 
(on average, from 1-40 to ca. 02), during which the colour of the iodine stain changes from blue 
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Action of bean Q-enzyme on amylose. 
Period of incubation with Q-enzyme, mins. ............... 635 
B.V. of petysaccharide aqnqpenses &e 
634 


through purple to red. This is followed by a further fall in blue value, but this secondary 
change takes place at a much diminished rate. At the same time a smal! copper-reducing power 
develops. The relationship between intensity of iodine stain and reducing power is depicted 
in Fig. 1, which also shows the corresponding curves for the Q-enzyme of wrinkled pea (see 
below) and salivary a-amylase. It is seen that the Q-enzymes from bean and pea resemble each 
other closely but that each is distinct from e-amylase. It has not yet been decided whether the 
liberation of reducing groups by a Q-fraction is due to an intrinsic action of the enzyme or to the 
presence in the preparation of a trace of a-amylase (see Part VII; Barker, Bourne, Wilkinson, 


Fre. 1. 
The hydrolysis of amylose by Q-enrymes of bean 
and pea 
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and Peat, /., 1950, 93). Experiments described below do in fact show that the bean preparation 
contained a small amount of a-amylase. It should be noted further that even crystallised potato 
Q-enzyme liberates some reducing groups from amylose (Gilbert and Patrick, Nature, 1950, 
165, 573). The bean preparation was free from maltase. The synthesis of branch linkages by 
bean Q-enzyme is shown by the results of an experiment in which the Q-enzyme after acting 
on a pure amylose for varying periods was deactivated (by being boiled), soya-bean 6-amylase 
added, and the limiting conversion of the polysaccharide into maltose determined after 5 hours 
and after 10 hours (see table above). As the blue value of the amylose decreased, the 
extent of $-amylolysis of the resulting polysaccharide became smaller until, after incubation for 
21 hours with Q-enzyme, a ee having B.V. 0-143 and a limiting conversion into 
maltose of 56% remained. The corresponding values for a natural amylopectin are 0°153 and 
50°. The action of the bean Q-enzyme on amylose is therefore identical with that of the potato 
enzyme as reported by Barker, Bourne, and Peat (/., 1949, 1712). 

In the following table, a comparison is made, with respect to pH and temperature optima, 
between Q-enzyme, phosphorylase, and a-amylase of the bean and the corresponding enzymes 
from potato. A close similarity between these enzymes is evident. 

Purification and Properties of Bean Phosphorylase.—This enzyme has been obtained in a 
highly purified form by the modification of the fractionation procedure of Barker, Bourne, 

10T 
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Temperature and pH optima Bean and potato enzyme: 


(for synthesis 
Potato phoephory tase 50-631 
(for syathess) 
Bean « atnylase 61-63 
Potato s-amylase ; 60-653 
* Harker, Bourne, and Peat, /., 1049, 1712 
* Hanes, Proce. Rov. Soe., 1060, 128, B,iv4 
t James and Cattle, Biochem. J., 1933, 87, 1806 


Wilkinson, and Peat (/ . 1950, 84) shown in Table |. In the absence of phosphate ions, the 
action of the purified bean phosphorylase (P5 fraction) on amylose was so slight (21 mg. of the 
freeze-dried powder had a smalier effect on the blue value of amylose than had | c.c. of saliva 
which had been diluted 30,000 times) that it was evident that Q-enzyme and a-amylase were 
present only as traces. The powder had a higher phosphorylase activity (112 units per g.) than 
had a typical preparation from potato (92 units per g.), and the phosphorylase—az-amylase activity 
ratios for these potato and bean preparations were 53; 1 and 123: 1 respectively. The bean 
phosphorylase was shown, by applying the usual tests, to be free from maltase and invertase 
The absence of phosphoglucomutase was indicated by the fact that in the course of synthesis of 
polysaccharide by the phosphorylase preparation acting on glucose-] phosphate, the mineral! 
phosphate liberated rapidly attamed a constant value which remained unchanged for 56 hours 
On the other hand, the absorption value (for definition of A.V., see Bourne, Howarth, Macey, 
_ and Peat, /., 1048, 929) of the digest during synthesis rose to a maximum but thereafter 
diminished rapidly (see Fig. 2). Clearly, degradation of amylose was also occurring independ- 
ently of the true phosphorylase action. The same observation was made with regard to phos- 
phorylase preparations from potato 
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Isolation of phosphorylase from broad bean extract 
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Tass I 
Action of saiwary amylase on amylose and amylopectin 
|, Armylose. Amylopectin 
t . Time (hrs.). AY. Pall in A.V., %. AY Fall in A.V., %. 
0 1-45 0 O-158 0 
6 1-37 45 0087 450 








The hydrolysis of this synthetic amylose proceeded much more rapidly than that of natural 
amylose when each was acted upon by equivalent amounts of the phosphorylase preparation 
(Fig. 2). This difference of rate is to be expected since the rate of fall of the absorption value of 
a polysaccharide when treated with an a-amylase is related inversely to its chain length 
Calculation from the amount of “ primer" (achroic dextrins from acid hydrolysis of amylose) 
used in the phosphorylase digest showed that the average chain length of the synthetic poly- 
saccharide was much less than the chain length of natural amylose, which is at least 200 glucose 
units. This relationship between rate of a-amylolysis and basal chain length is further stressed 
by the values given in Table 11, which refer to the action of the same amount of freeze-dried 
salivary amylase on equal weights of amylose and amylopectin 
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A New Method of Characterising 2-Amylase.—The most persistent enzymic impurity in phos- 
phorylase and Q-enzyme preparations is a-amylase, and we have attempted by various means to 
remove this impurity. It was, however, necessary first to devise a rapid and unequivocal 
method of distinguishing a-amylase from the other enzymes. We adopted therefore the pro- 
cedure of incubating equal amounts of the enzymic solution with (i) amylose and with (ii) 
f-dextrin, i.¢., the limit dextrin from the action of $-amylase on amylopectin (named dextrin-A 
in earlier communications), and determining the changes taking place in the intensities of the 
iodine stains. By plotting the % change in absorption value of amylose against that of 6- 
dextrin, the time factor is eliminated and a curve is obtained which is characteristic of the 
enzyme and independent of its concentration. Because Q-enzyme, phosphorylase (acting in the 
presence of phosphate), and §-amylase attack amylose but not §-dextrin, a single straight line 
serves to represent the action of all three enzymes; a-amylase degrades both substrates, and the 
curve depicting its action is given in Fig. 3. This test was employed in following the course of 
further attempts to eliminate a-amylase from preparations of Q-enzyme and phosphorylase 

Reprecipitation with Ammonium Sulphate.—A (3 fraction was dissolved in water and pre- 
cipitated with ammonium sulphate (19 g./100 c.c.), giving a Q4 fraction. The treatment was 
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repeated until the (0 stage was reached. The results of tests for a-amylolytic activity on frac- 
tions Q3, 56, Q7, and QO (Fig. 4) showed that the reprecipitation effected no improvement 
in the Q-enzyme . e-amylase ratio 

Fractional precipitatwn of bean phosphorylase with ammonium sulphate, by the method 
illustrated in Table |, did, however, remove a considerable proportion of «-amylase, as may be 
judged from the fact that amounts of P3 and PS fractions, equal with respect to phosphorylase 
activity, showed «amylolytic activities corresponding to diminutions of 78°2% and 89% 
respectively im the blue value of amylose over a period of 40 hours. 

Irradiation with Ulira-wiolet Light.—The rates of deactivation of purified bean Q-enzyme, 
bean phosphorylase, and salivary a-amylase when irradiated by ultra-violet hght (filtered, 365 
my., and unfiltered) were 1. The results showed that 2-amylase was deactivated much 
more rapidly than either the Q-enzyme or the phosphorylase Measurement of the changes in 
Q-enzyme, phosphorylase, and a-amylase activities produced by the irradiation of aqueous 
extracts of bean appeared to confirm these results. When, however, the Q-enzyme and phos- 
phorylase were isolated after the bean amylase had presumably been destroyed by irradiation, 
4 small amount of «amylase still persisted in both products. Thus, like the lead-complex 
precipitation method, irradiation eliminates most, but still not all, of the amylolytic activity 
and therefore offers no advantage over the original method of purification 

Treatment with Ozone.—The passage of ozone through an aqueous bean extract caused a 
selective deactivation of a-amylase, suggesting that ozone generated by ultra-violet light was 
the deactivating agent in the experiments recorded above. By this method also it was found 
impossible to remove last traces of a-amylase 

Fractionation on Cellulose and Other Columns .—Solutions of bean phosphorylase (fraction P3 
were perfused through columns of cotton wool and powdered cellulose impregnated with dilute 
amylose solution. The amylose-§-dextrin curves for the effluents indicated that no separation 
of a-amylase had occurred. Similar negative results were obtained on using a column of whole 
potato starch A column of lead phosphate completely absorbed, or deactivated, all the 
enzymes 

Adsorption on Starch from Dilute Alcoholic Solution._-Holmberg (Biochem. Z., 1933, 258, 134) 
devieed a method of removing a-amylase from malt amylase by its absorption on starch grains 
from a 50%, alcohol solution. We applied this method to preparations of bean Q-enzyme and 
phosphorylase in 20%, alcohol solution at 0°. Not oy was a-amylase removed from the 
solution but so also were Q-enzyme and phosphorylase. There remained in the supernatant 
liquid, in the Q-enzyme experiment, an enzyme (RK-enzyme) which has the property of hydrolys- 
ing the branch linkages in amylopectin and §-dextrin. The same enzyme was subsequently 
isolated by the same method from the potato. A preliminary account of this enzyme has already 
been published (Hobson, Whelan, and Peat, Biochem. ]., 1950, 47, xxix) 

The Q-Enayme of Wrinkied Peas —-A Q-enzyme has also been isolated from wrinkled peas 
(Laxton's "' Progress ''), and its action on amylose in respect of changes in iodine stain and libera- 
tion of reducing groups is shown in Fig. 1. The similarity of the wrinkled pea enzyme to that of 
the broad bean is evident. It is of interest that Q-enzyme should be found in this plant in view of 
the very high (08%) amylose content of wrinkled pea starch (see Peat, Bourne, and Nicholls, 
Nature, 1948, 161, 206) 








EXPERIMENTAL 


Analytical Methods —{a) For the methods used in measurement of the todine stains of polysacchandes, 
anic- amd ester-phoaphorus, and phosphorylase activity see Part 1V (/.. 1949, 1705). Blue values 
(B.V. and A.V.) refer to y 680 my. throughout. 


(b) Determination of reducing sugar. Somogyi's micro-copper reagent (/. Biol. Chem., 1945, 160, 61) 
was used. It was shown to be unaffected by the concentrations of citrate or acetate buffers used in the 
digests. Before — added to the reagent the digest portions were deproteinised as follows. EA) sw 
determined Is -s0cd hydroxide was added to make the solution faintly alkaline, follo oh. 
sine sulphate (5% ; 0-2 ¢.c.) and 0-3n-bariam hydroxide in equivalent amount (see Somogyi, 

The protein — was removed on the centrifuge. and an aliquot of the supernatant liquid td adhed te to 
the copper reagent 


(c) Determination of B-amylase — As amount of the S-amylase, predetermined to liberate 
10-20 mg. of maltose in the follo , was dissolved in water and a portion (2 ¢.c.) transferred to 
a mixture of “ AnalaR " soluble wom ye tion (0-6% ; 25 c.c.) and 0-2m-acetate buffer (pH 48: Scc.), 
preheated to 34-5". The digest was incubated at this temperature for exactly 30 mins., and a 
(5 ex 7 ae See SERENS GS Cee ana many 00 On Cpese enaess for determination of maltose. 
The activity of the enzyme is defined as the number of mg. o Sets ty tan me pre- 
paration ander the above conditions. Soya-bean §-amylase, prepared as in Part II (/., 2), was 
used throughout 
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from potato further 
(1%; nner Sarun s can oes oe See x 1-5 cm.) until no further fall in A.V. 


ae See precipitation with ethyl alcohol (2 vols.) and dried 
sence with Sele tn - ‘ ” 


of p-beroi oe Destrie- by warn on 8 B.V. 0-10) was wetted with alcohol, 
dusted oo am Sete SO cay ty om a water-bath, cooled, and neutralised to 
(0-2m.; pH, 48; 30c.c.) and f-amylase 

. followed water to 2000.0. The 


et was reconstituted by the addition of enzyme. 
buffer, and water to the concentrated solution, and entire procedure repeated. The concentrated 

solution was finally freeze-dried in a high vacuum. The §-dextrin so prepared was a white fibrous solid ; 
average yield, 1-5 ¢ 


Ammonium sulphate solution was prepared by or the “ AnalaR " salt in water to a concentr- 
ation of 50 g./100 c.c., filtering, and adjusting the pH to 7-0 with ammonia solution (¢d 0-88). It was 
cooled to 0° before use 


Standard Method Jor the Isolation of Bean Phosphorylase and Q-Enzyme.—Broad beans (Sutton's 
- pas ‘) were ground to a fine flour and defatted with ether by continuous washing in a 
Buchner funnel until the washings were colourless; ether was then removed by suction. The flour 
(300 g.) was extracted with water (1200 c.c.) by shaking at room temperature for 30 minutes, sec.-cctyl 
alcohol (5 drops) being added to prevent foaming. The flour was removed on a centrifuge, and from the 
—— liquid a lead-—protein complex was = and then eluted by using the m method given in 
Part IV (loc. ett.). The eluate was cooled to 0° ammonium sulphate solution added with sturring to 
the salt concentration to 19 g./100c.c. The solution was stored at 0° until the ven precipitate 
pony Ld to flocculate (about 6 hrs.). a centrifuge and 
dissolved in water (100 c.c.). The Q-fraction was ge (ammonium ./ 100 
<.c.), stored for 30 minutes, the precipitate removed, dissolved in 0-1w-citrate (p ©.€.), 
and freeze-dried in a high vacuum. To the su my osha liquid from the = ipitation was added 
iphate to a concentration of 35 ¢ and after 2 hours echpiate {Pi traction) 
wah sumaued on acentrifuge. This fraction was either dissolved in buffer eS vores and freeze- 
dried or used for the preparation of P5- fraction according to the scheme in Table | 


During the fractionation all solutions were at 0° and the centrifuging was carried out as 
as possible in pots initially cooled to below 0°. About 3 g. of freeze-dried Q3-fraction were 


300 g. of bean flour. The phosphorylase preparations, from the same weight of flour, had an average 
total activity of 700 units 


Standard Digests for the Enzymic Hydrolysis of Polysaccharides at pH 7-0.- charide ary 
wt. ca. 200 ) was moistened with alcohol and dissolved in 0-012N- ote arta ¢.c.) by 
heating on a boiling-water bath, cooled, neutralised to phenolphthalein with dilute 4 uric ac ra 
diluted to 100 c.c. The concentration of the solution was now adjusted to 186-7 mg. of pol chande 
per 100c.c. Of this solution a portion (7-5 c.c. = 14 mg. of polysaccharide) was incorporated in a digest 
containing 0-2m-citrate buffer (pH 70; 3.c.), water ie ‘5 c.c.), and enzyme solution (2¢.c.). The digest 
was incubated at 21°, and at intervals portions (1 c.c. = 1 mg. of ysaccharide) were removed for 
determination of B.V., and further portions (2—5 c.c.) for determination of reduc — gaps A control 
digest containing water in place of polysaccharide solution was incubated in pa determine the 
reducing power of the enzyme preparation. 


Properties of the Bean Q-Enzyme. Action on Amylose.—(a) Changes in B.V. and reducing power. 
Q3-Fraction (0-6002 g. of freeze-dried powder) was dissolved in water (11 ¢.c.), and a jon (6 cc.) 
incorporated in a standard digest containing three-fold quantities of all constituents. Hb V. and reducing 
ge pe oe The results are recorded in the following table and the 

A.V.-% conversion curve is given in Fig. 1. 





Action of Q3-fraction on amylose (B.V., 1°40). 


» 3 40 6270) 6362 6480 «6610 «63801280 
oe 140 105 0-540 ©6505 0-421 0337 0320 0260 0-104 
Seca conversion into maltose, % «a © 00 ~ 41 _ -- si 00 182 


© Pe 2 1 ee ae Three digests were me gs Ne 
solution (B 43; 10 cc., ates mg.), @2u-acetate buffer (pH 7-0; 3 c.c.), and 
(Q3) solution (2 c.c.. of freeze-dried 
and then inactivated 
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when the quature was heated at 1) | nor was the degree of @-amylolysis of the amylose affected by the 
treatment 
Determination of PH and Temperature pe Bean Enzymes —(a) Optimum pi of A 
3 precipitate was sbtained from 100g. of teas war by the standard method and ved in water 
). Portions (2 ¢.c.) of this solution were mixed with the appropriate buffer Th ce ). any tate 
removed on a centrifuge, and the supernatant liquid (2 c.c ) incorporat st ra t 
citrate buffer being replaced by a 6 -13N-schium acetate sodigm veronal buffer, the pH of which was 
pear yr by the addition of © In-sulphuric acid. The digests were incubated at 21° and at intervals 
i 120 mins.) portions (1 ¢.c.) were removed for determination of B.V. (see table below). the portions 
of the digests of alkaline pH being acidified before the addition of todine solution 








Optimum pH of Q-enzyme 
H of —_ 415 408 566 6s 8-57 
ate mins 131 1-28 109 oo : 1-10 
126 mins 1-28 12) 0-955 07% “7 0-805 


* Initial BV. = 1-38 


(b) Optimum temperature of Q-enzyme action. A Q3-solution was prepared as above and incorporated 
im standard digests which were incubated at various temperatures, portions (1 c.c.) being removed for 
determination of BH. \ at 30 and 0 mins 


Optimum temperature of Q-enzyme achon. 


Temp. of mcubation 104 20-0 21-8 25-2 35-5" 
ave 3 mins 0-955 oO asD O- 88S 0-895 100 
# mins a ol 0-753 0766 O70 oOole 


* Initial BV. @ 1-16 


(c) Optensem =F gd of phosphorylase synthetic activity Since dipotassium glucose-1 pos acts asa 
butler of high pH, solutions (0-2u_) were adjusted to the desired pH values by addition of dilute sulphuri 
acid and then diluted to 0-lm-concentration. Portions (1 ¢.c.) of these solutions were incorporated in 
digests containing soluble starch (1%; © 5 c.c.) as primer, verona! buffer (0-5 c.c.), and P3-solution 
(lSc.c.; activity J units). The digests were incubated at 35-5° for 12 minutes, the enzyme inactivated 
by the addition of trichloroacetic acid (10%; 5 c.c.) and, after centrifuging, the free phosphorus in I-c« 

portions determined. From these values were subtracted the amounts of free p maphorus found in 
control digests to which the trichlotoacetic acid had been added before the enzyme. The controls were 
not incubated at 35-5" but were centrifuged immediately on addition of acid and enzyme The results 
are shown below 


Optimum pH of phosphorylase 


o of digest 463 5-32 619 642 7401 736 sus 
"*hoaphorus liberated * ooo 0-707 O74 0567 04% oa 0247 


© Difference between hght-absorption values of digest and contro! 
(4) Optivrum temperature of phosphorylase, The synthetic activity of a P5S-traction was determuned 
by the standard method at various temprratures 
Optimum temperature of phosphorylase. 


Temp. of incubation 16-5 21-2 355 “a0 mo 
Phosphorus liberated * , 0-168 0-227 0-337 O34 0-032 


* See preceding table 


(¢) Optimum pil of a amyla This was determined by measuring at intervals the reducing power 
developed in the digests which were previously used for the determination of the optimum pH of 
-engzyme see under (a 


Optimum PH of a-amylase 


oH of digest 413 408 h 6-58 7m 8-57 
eduction equiv | (24 hes ooo 0-27 0-32 O17 0-09 
O-4005N- NaS O,) 48) bers oon 0-18 1-37 042 O07 


Test for Maltase 1» Phosphorylase and ()-Enryme.—Solutions of P5-fraction (4 ¢.c.; 9 units) and Q3- 
fraction (4 cx © 182 g.) were incubated separately with ©-2m-citrate buffer (pH 70; 6 ¢.c.) and maltose 
solution (1f¢.c , 71 meg The appropriate control digests were also prepared. No increase in reducing 
power occurred during 20 hours 

fetion of P3-Fraction om Amylose and Giucose-| Phosphate A PS5-solution (2 c.c.; 2-4 units) was 
added to a standard amylose digest which was incubated at 21 Measurements of A.V. were made at 


intervals. The results are recorded in Fig. 2 


A P6-eolation (2 c« 2-6 units) was incorporated in a digest containing 0-5u-citrate buffer (pH 6-0 ; 
3 water (1-5 ¢.c.), O-lm-dipotassiam glucose-1 phosphate (1 ¢.c.), and an achroic dextrin solution 
prepared by acid hydrolysis of starch (0-5 « « ols At intervals portions (0-5 c.« were removed 


ior measurement of A.V (Pig. 2), 0 5¢.c. of standard iodine solution bemg used in a total volume of Wc.c., 
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and for determination of free % the amounts of which (in @5 c.c.) were 0-063, @-172, 0-172, 
#175, and 0-175, after 14, ®, 265. 458i. and €64 hours, respectively. 

Action of Sahwary Amylase on Amylose and ee eee =? 
c.¢, of saliva) was dissolved in water (100 c.c.) and portions (1-2 c.c.) were added to two 
containing amylose (B.V., 1-45; 12-5 ¢.c.; 25 mg.) and the second, am (B.V., 01 
25 mg.). Bot digests contained 0-2u-acetate buffer (pH #8; 3c.c.) water to 25 cc. 
was carried out at 35° and at intervals portions (1 c.c.) were removed for determination of A.V 
results are given in Table II 


Action of Enzyme Preparations on Amylose and §-Destrvn. Two standard digests were prepared, both 
containing the enzyme under ¢ tion, one « d amylose, and the other #-dextrin. The 
digests were incubated at 21°. and at equal periods after addition of the enzyme, portions (1 ¢.c.) were 
removed for determination of A V The amylose digest portion was stained under normal tons 
but that from the 8-dextrin digest was stained by using twice the normal concentration of polysaccharide 
and iodine in order to increase the accuracy of measurement. The results were plotted as %, original 
\.V. of amylose against %, original A.V. of xtrin, asin Fig. 3. 

Further Purification of Phosphorylase and Q-Enzyme—(a) RB: Pilation with phate 
Details of the purification of phosphorylase by this method are given in Table |. A precipitated Q3- 
fraction was prepared from “ ife Longpod " bean flour (100 g.) by the standard method and dissolved 
in water (50 c.c.). Portions (2 c.c.) of this solution were added to standard amylose and 8-dextrin digests 
as above, and a ©4-fraction cipitated from the remainder of the solution by addition of ammonium 
sulphate to 19 g./100 c.c, precipitate was dissolved in water (46 c.c.) tpitated as above 
to give fraction Q5. This was dissolved in water (46 c.c.), and two portions (2 ¢.c. each) added to 
standard digests. The reprecipitation was continued in like manner to the Q9 “—-. and test portions 
of the Q7 and 09 fractions were similarly incubated with amylose and §-dextrin surements of A.V. 
were made as previously described, and the results are plotted in Pig. 4. 


(b) Adsorption of enzymes on lead phosphate, cotton wool, cellulose, and o—_ The following general 
procedure was adopted. Four columns (19 mm. diam.) my sg te ked to a depth of 12 cm. 
with (4) lead phosphate (prepared as by Peters, J. Biel. C 1508-8. a oe es ee 
(filter aid), (b) whole potato = and powdered glass, (c) fat-free cotton wool, and (4) powdered cellulose 
(from “ Ashiess filter tablets"). Columns (c) (4d) were perfused with soluble starch solution (0-14, ; 
100 c.c.) and washed until the ‘effiuent al longer stained with iodine. Freeze-dried I’3-fraction was dis- 
solved in water, precipitated by add Iphate to 35 g./100 c.c., and the precipitate dis- 
solved in water; the buffer used in Seesn drying was thereby removed. The mephorylase activity 
of the solution was determined and portions were added to standard amylose and B-dextrin digests. The 
remaining solution was passed through the column under gravity, and the total effluent tested 
The lead phosphate adsorbed ‘all enzymic activity, and the effluents from columns (6), («), and (d) were 
unchanged in respect of relative phosphorylase and amylase activities 











The Q-Enzyme of the Wrinkled Pea.—An extract was ean trom wrinkled peas (Laxton’s 
“ Progress '') by shaking the ether-extracted flour (200 g.) with water (800 c.c.) for 3) minutes at room 
temperature. The centrifuged extract (495 c.) was dialysed against running distilled water for 24 hours 
at 2°, and the dialysed solution stirred with kaolin, which was then removed on a supercentrifuge. To the 
solution was added ammonium sulphate to a concentration of 19 g./100c.c. After standing at 0" for 15 
hours the precipitate (Ql) was removed, dissolved in water (50 c.c.), and reprecipitated twice as above, 
giving fraction The action of this fraction on amylose is shown in Fig. 1. It was free from maltase. 


The authors are grateful to the Colonial Products Research Council and im Chemical Industries 
Limited for financial assistance, and to the Department of Scientific and Industrial Research for a 
maintenance grant to one of them (P. N. H.) 
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By J. M. Bairey and W. J. WHetan 


lsophosphorylase, isolated from the potato, and claimed by Bernfeld and Meutémédian to be 

responsible for the reversible formation of a-1 oo linkages in amylopectin, has been 

key experiments of the above authors repeated 

Al t it in some of the « menta! data, we 

are forced to ‘Se ete that Gees expettnental results have boas anlsintenpested by 

Bernfeld and Meutémédian and that an enzyme with the properties ascribed to 
* isophosphorylase *’ does not exist in the potato. 


Ture work of Peat and his co-workers (J., 1945, 877, 882; 1949, 1446, 1705, 1712; 1050, 84, 93) 
and of Bernfeld and Meutémédian (Nature, 1948, 162, 207; Helv. Chim. Acta, 1048, 31, 1724, 
1735) has given rise to an unusual situation, namely, a demonstration of the existence in the 
potato of two very different enzymes, Q-enzyme and isophosphorvlase, both of which appear to 
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catalyse the synthesis of the branch linkages in amylopectin. Isophosphorylase, as its name 
implies, functions by a mechanism of phosphate-transfer, whereas Q-enzyme operates 
independently of phosphate. In the synthesis of amylopectin from glucose-! phosphate, each 
ot these enzymes functions in association with the chain-forming enzyme, phosphorylase 

That Q-enzyme and wophosphorylase are not in fact the same enzyme was conclusively 
proved by Barker, Bourne, Wilkinson, and Peat (/., 1960, 93) by the demonstration that 
Q-enzyme converted amylose into amylopectin without the mediation of free or ester phosphate. 
It thus became necessary to examine, in our laboratory, the isophosphorylases isolated from 
potato by an exact repetition of the extraction process described by Bernfeld and Meutémédian. 
The results of this examination are now recorded 

No difficulty was experienced in isolating the freeze-dried enzyme preparation by using the 
exact procedure prescribed by the Swiss authors. Two preparations were made, labelled A and 
B in Table 1, and a study of their properties has forced us to the conclusion that an enzyme with 
the properties ascribed to isophosphorylase does not exist in the potato; the arguments put 
forward by Bernfeld and Meutémédian (referred to subsequently as B. and M) are based on 
misinterpretations of three main experiments. These will be considered separately, and the 
results of our repetition of the experiments recorded in each case 


Taste I 


Action of tsophosphorylase on 8-dextrin 
Degradation of B-dextrin 
Tume of , by f-amylase.t 
Isophosphurylase incubation With added = Absence oi 
preparation Temp ph (hrs.) , po,” PO,”’. 
B.aM » 66 


Present authors (prepar- 21-7 
ation A) 

Present authors (prepa: 21-7 
ation 5) 


* The weight of enzyme used by B. and M. is not stated. 
t As % apparent coaversion into maltose 


In the first experiment, limit 6-dextrin was incubated sumultaneously with §-amylase and 
isophosphorylase im the presence and in the absence of mineral phosphate. On the Swiss 
authors’ hypothesis, isophosphorylase, im the presence of phosphate, severs the branch links in 
the §-dextrin and thus removes (as glucose-1 phosphate) the glucose “ stubs "’ which, connected 
to the molecule by 1 ; 6-links, obstruct the action of S-amylase. It should be noted that this 
hypothesis assumes amylopectin, from which $-dextrin is derived, to possess an irregular structure 
with multiple branchings. Thus the addition of phosphate to the system, isophosphorylase— 
f-amylase-§-dextrin, should enable §-amylolysis of the polysaccharide to take place. In the 
absence of mineral phosphate, no hydrolysis of 6-<dextrin should occur. In Table I are compared 
the results quoted by B. and M. and those derived from our repetition of the experiment 

The two sets of data do not agree and we feel ours to be the more reliable because scrutiny of 
the experimental section of B. and M.'s paper reveals that exceedingly smal! amounts of maltose 
were being measured, ¢¢., percentage conversions into maltose of 0-7, 1-2, 4°5, and 7°5 (Table I) 
correspond to estimated weights of maltose of 0°030, 0-051, 0°190, and 0316 mg., respectively. 
The reducing power was measured by using alkaline 3 : 5-dinitrosalicylate (Mever, Noelting, and 
Bernfeld, Helv. Chim. Acta, 1948, 81, 103). In the description of this method it is implied that 
amounts of maltose of less than 0-2 mg. cannot be detected. This is confirmed by our observa- 
tions and by Chanda, Hirst, Jones, and Percival (J., 1950, 1289). Consequently, unless the 
combined reducing powers of the digest components, 1:¢., §-dextrin, f-amylase, and 
isophosphorylase, exceeded that of 02 mg. maltose, three of the four quoted values of reducing 
power fell below the limit of sensitivity of the reagent. The S-amylase was stated to be free 
from reducing substances but lack of similar information about the other components of the 
digests does not enable the accuracy of measurements of reducing power to be computed. We 
have used the Shaffer-Hartmann copper reagent which also fails to detect amounts of maltose 
less than O°2 mg., but the precaution has been taken of adding to the reagent—digest mixture 
25 mg. of maltose before commencing the determination 

B. and M's second experiment is concerned with the transformation of amylose into 
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amylopectin. Amylose was incubated with phosphorylase and isophosphorylase for 144 hours 
in the presence and in the absence of mineral phosphate. In the former case the iodine stain 
decreased im intensity and the percentage of apparent conversion into maltose of the 
polysaccharide by §-amylase fell from 100 to 65; in the latter case no changes occurred. The 


phosphate, of the non-reducing terminal glucose member of an amylose chain (phosphorylase 
action), and the subsequent utilisation of the glucose-1 phosphate by isophosphorylase for the 
attachment of a glucose residue, by 1 : 6-linkage, as a lateral branch; phosphate ion being 
liberated simultaneously. This glucose unit formed the initial member of a branch chain which 
was then lengthened by the apposition of glucose units (from glucose-1 phosphate) by phos- 
phorylase action. Multiplication of these exchange reactions should ultimately yield 
amylopectin (see diagram in Helv. Chim. Acta, 1948, 31, 1730) 

In formulating the above scheme it appears to have been overlooked that there is strong 
evidence to support the view that a single glucose unit attached laterally to an amylose molecule 
is a chain of insufficient length to act as a“ primer " for phosphorylase action, a minimum of 
three glucose units being necessary. For example, §-dextrin, which contains such single-unit 
side chains, does not function as a primer (cf. Hestrin, /. Biol. Chem., 1949, 179, 943). 
Phosphorylase could not therefore build up a chain of glucose units on such a side chain In 
interpreting their experimental evidence, B. and M. appear also to neglect the fact that, under the 
given experimental conditions, phosphorylase will establish the normal equilibrium between free 
and esterified phosphate and, in the presence of minera) phosphate, an appreciable percentage 
of the amylose will be transformed into glucose-1 phosphate. This reaction, independently of 
any branching effected by an isophosphorylase, wil! result in a fall in the intensity of the iodine 
stain and in the degree of apparent conversion by §-amylase. From the amount of phosphate 
used, the given pH of the digest and the free-P : ester-P ratio measured by Hanes (Proc. Roy. 

soc., 1940, B, 129, 174) it can be calculated that the amount of glucose-1 phosphate which must 
have been formed by phosphorylase action correspords to the conversion of 28°, of the amylose. 
Thus the normal! action of phosphorylase on amylose would account for part of the observed 
diminution in iodine-staining power and nearly the whole of the diminution in the degree of 
f-amylolysis. Even if no branch linkages had been synthesised the apparent $-amylolysis limit 
would still have been 72°, (initial value was 100%). As the experimentally determined value 
was 65%, the true change in the §-limit was from 100 to 90%. It must be concluded therefore 
that very few, if any, branch linkages have been synthesised 

In our repetition of this experiment, we have found that, when allowance is made for the 
formation of glucose-1 phosphate, the degree of §-amylolysis of the residual polysaccharide is 
identical with that of the original amylose; the value in each case was 92%. As an additional 
check, amylose was incubated with phosphorylase and phosphate but no isophosphorylase was 
added. The conversion into maltose of the residual polysaccharide by §-amylase at the end of 
the reaction was again 92%. In each experiment when no allowance was made for ester 
phosphate formation the apparent conversion into maltose was 68%. 

The changes which take place in the nature and intensity of the iodine stain of amylose when 
treated with various combinations of phosphorylase and isophosphorylase in phosphate and 
acetate buffers have been examined and the results are given in Table II 

When the colours of the iodine-stained solutions were compared, it was seen that all digests 
except that containing P + IsoP + PO, remained blue-staining; the colour of the last 
became purple after 92 hours. The reason for this difference is not difficult to find. Both the 
phosphorylase and the isophosphorylase contained traces of a-amylase (cf. P + Ac, IsoP + Ac, 
Table II). When phosphorylase and phosphate were present a substantial proportion (26%) of 
the amylose was removed as glucose-| phosphate. The a-amylase action would proceed 
independently of the presence of phosphate, and in the two digests P + IsoP 4+ Ac and 
P + IsoP + PO, the red colour would become evident sooner in the latter than in the former 
digest, not because of isophosphorylase action, but because of the smaller amount of blue- 
staining amylose present. There is no evidence from changes in A.V. (680 my.), wave-length of 
peak absorption, or degree of 8-amylolysis that isophosphorylase causes the formation of a red- 
staining ramified polysaccharide from amylose. Our results agree with B. and M.'s findings but 
our interpretation of them is different. 

The third experiment of the Swiss authors is contained in the second of their two main 
communications (Helv. Chim. Acta, 1948, 31, 1735). Phorphorvlase, isophosphorylase, and 
glucose-1 phosphate were incubated in the presence of increasing quantities of phloridzin, and 
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the course of reaction was followed by observation of the todine stains of the synthetic poly- 
saccharuies. it was found that as the phiorndzin concentration was mcreased the sodine stain 
changed progressively from blue through purple and red to brown. Thus, im the absence of 
phioridzin the stain was blue, with 12 « 10%~-phioridzin it was red-purple, and with 
16 « 10°°~-phioridzin the stain was brown. No primer “ was added to the digests, the amount 
present as impurity being considered sufficient. The purpose of the phloridzin was to inhibit 
the phosphorylase without disturtung the amount of “ primer.” Parnas Handbuch der 
Enazymologic,’’ Nord-Wiedenhagen, Leipzig, 1940, p. 202) 1s quoted as the source of the statement 
that phiorxdzin can cause total inhibition of phosphorylase. it has been overlooked that this 
statement refers to animal phosphorylase, not potato phosphorylase as used by B and M. The 
highest concentrations of phloridzin cause only ca. 20% inhibition of potato phosphorylase 
(Green and Stump!, |. Biol. Chem., 1942, 142, 355; Barker, Bourne, Wilkinson, and Peat, /., 
1960, 84) By the use of increasing concentrations of phloridzin the Swiss authors assumed that 
4@ progressive increase in the isophosphorylase : phosphorylase ratio could be achieved and 
theretyy cause increases in the degree of ramification of the polysaccharide synthesised, this 
change being detected by the txline stat The experimental observations appeared to sub- 
stantiate the hypothesis 
Taste il 
Composition of digest 
Age of - . — — - 

digest (hrs j , ae lsol PO, 


EE 


(a) Changes t» AY. (680 my 
1-43 
1-22 
law 
800 
692 
S88 
0 306 


in wave-length of peak abs 
645 645 
64 oa 
625 63y 
615 435 
os 640 
570-5 615 
Vhosphory hase laol’ tsopbosphor ylase PO phosphate butter Ac acetate 
butter pH of all digests ~ 67; Temp. = 21-7 


* Between 136 and 244 hours some retrogradation occurred in all digests 


We have repeated this experiment and the results are given in Table [11 Primer " 
(achroic dextrin) was added to some digests because the amount naturally present was small 
Moreover, two methods of iodine staining were used. In the first place, we employed B. and M.'s 
method (Joc. ef.) in which enzyme reaction is arrested by adding sodium hydroxide solution 
followed by acetic acid and iodine. The final pH of such a solution (measured by us) is between 
Sand 6. The second method, which we prefer, is that of Hassid and McCready (/. Amer. Chem 
See., 1943, 65, 1154), in which iodine is added to the digest to inactivate the enzyme, and the pH 
is subsequentiy adjusted to << 3 by the addition of acid 

It will be seen from Table III that a red ioctine stain was observed in the isophosphorylase, 
phosphorylase, and phloridzin digest. On this basis, B. and M. assume that amylose had been 
converted into a red-staining polysaccharide The table shows, however, that the red stain is 
observed only if action is arrested by the addition of alkah. When acid was used (second method 
of staiming), the iodine stains varned from green to blue and appeared to have no red component. 
The following observations are pertinent and appear to us to prove that the red colour is an 
artelact due to the interaction of isophosphorylase and phioridzin. First, digests containing 
wophosphorylase and phloridzin become brown within 3 novrs; all other digests remain 
colourless. Secondly, from all the digests which gave a colour with iodine a blue-staining pre- 
cipitate settled after a few hours. The supernatant solutions were yellow except those containing 
both isephosphorviase and phloridzin, which were stained after alkali treatment; in these the 
supernatant liquids were pink. Thirdly, when isophosphorylase and phloridzin alone were 
heated together at the incubation temperature until the brown colour appeared (3 hours), and 
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the solution was added to sodine solutions buffered at pH values between 2 and 7, it was seen 
that the mixture was pink when the pH was greater than 5. At pH values lower than 5, no 
reer eg nig Presumably, the brown product of interaction of isophosphorylase and 
phloridzin has indicator properties. Such a product did not form with phosphorylase and 
phloridzin. Thus the claims that this experiment demonstrated the synthesis of a branched 
polysacchande are founded upon a misconception. When the digests are stained in acid solution 
there is no evidence of the formation of a red-staining polysaccharide 


Taste Ill 
lodime stasns of synthetic polysaccharides 
Addition of NaOH, AcOH, I,. Addition of H,SO,, I,, after 
after digestion for digestion for 
Composition of digest 3 hrs 3 hrs 19 hrs 
Yellow - Yellow Blue-green 


Pale blue-green 
Hiue-green Blue-green 
Pale blue-green os 
ale green 


ORME SOS 


+ P + IsoP + Phi ° ” 
Key * Prime P = phosphorylase ; IsoP ~ isophosphorylase , 
Phi aA as 5 10°%™.). 
All digests contained glucose-1 phosphate in acetate buffer, pH 70. Temp. « 21-7°. 


As a final proof of the non-existence of isophosphorylase we performed an experiment 
suggested by the postulated mechanism of action of this enzyme. If amylose is incubated with 
glucose-1 phosphate and isophosphorylase, the enzyme should attach single glucose units, by 
1 : 6-links, to the amylose chains. These laterally attached units would obstruct the progress of 
the $-amylase along the chain. Amylose was incubated therefore with glucose-1 phosphate in 
the presence and also in the absence of isophosphorylase for 4°5 hours at 21°. At the end of this 
digestion period, the limits of conversion by soya-bean §-amylase of the resulting polysaccharides 
were almost the same, viz., 91°, (with isophosphorylase) and 87% (without isophosphorylase) 

The conclusions to be drawn from this repetition of B. and M.'s work may be summarised as 
follows. Isophosphorylase has been prepared from potatoes by following exactly their directions 
(loc, cit.}. Three key experiments have been repeated with this preparation, and in two of these 
our data correspond with those recorded by the Swiss workers. Because of this agreement it 
cannot be argued that we have been using an “ inactive specimen of the enzyme. We have 
shown that these experimental results were incorrectly interpreted by the above authors and do 
not provide evidence for the existence of an ‘ isophosphorylase.”’ All that the preparation 
appears to contain is a trace of a-amylase and, perhaps, a trace of phosphorylase. We were not 
able to reproduce the results of the third experiment (action of isophosphorylase on §-dextrin), 
but for reasons stated above we consider that the experiment as originally performed could not 
provide accurate and reliable data. Finally, an experiment devised by ourselves confirmed our 
view that amylopectin is not synthesised by an " isophosphorylytic ‘' mechanism 


EXPERIMENTAL. 


Analytical Methods.—(a) Determination of phosphorus. Allen's colorimetric method (Biochem. /., 
1940, 34, 858) was used. Ester-phosphorus was determined by measurement of phosphorus before and 
after acid hydrolysis (Hanes, Proc. Roy. Soc., 1940, B, 129, 174) 

(b) Determination of reducing sugar. Shaffer and Hartmann’'s copper reagent (/. Biol. Chem., 1921, 
46, 377) was used, maitose solution (1 c.c., containing 0-25 mg. of maltose) being added to the digest 
copper reagent mixture before it was heated. It was shown, as follows, that phosphate ion, in the 
concentrations being used, did not interfere with this reagent as it did with Somogyi's reagent (/. Biol. 
Chem.,1945, 160, 61). The reducing power of maltose (1 mg.) was determined in the presence of 0-2m- 
phosphate buffer (pH 6-7), 5.c.c. of reagent being used in a total volume of 10 c « 


Phosphate buffer Reduction equivalent (c.c. of 0-006m- a 
(c.c.) Somogyi. Shaffer-Hartmann 

o 400 

10 416 


339 
350 
20 26% 300 
35 0-13 3-42 
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(c) Measurement of the iodine stains of polysaccharides, The expressions “ blue value " (B.V.) and 
“ abaception value “ (A.V) are used as defined by Bourne, Haworth, Macey, and Peat (/.. 1948, 924) and 
the methuxds of determination described these authors were used with two modifications. The 
Measurements were made with the Unicam 2 Spectrophotometer and the cel) thickness was | cm. 
Accordingly, the values quoted in Table I1(4) are four-fold multiples so as to be compe: _ole with earlier 
measurements which were made with é-cm. ceils in a Spekker instrument 

Sources of Ensymes.—ia) B- Amylase. Two samples of S-amylase were used, as noted below. They 
were (i) crystalline — #-amylase, kindly presented by Dr. A. K. Balls, and (1) stock soya-bean 
p-amylase prepared as by ne, Macey, and Peat (/., 1945, 582) 

(b) Phosphorylase, Potato phe lase (P2 fraction) was prepared from King Edward potatoes by 
the method of ker, Bourne, Wilkinson, and Peat (/., 1950, 84). It was reprecipitated twice with 
ammoniom sulphate at a concentration of 36 g /100 cc. and freeze-dried in citrate buffer, pH 60, as 
described by the above authors 

(c) leophospherylase. Two anghe (A and B) of isophx ylase were prepared from Kerr's Pink 
potatoes by an exact repetition of and M.'s procedure (/elv. Chim. Acta, 1945, $1, 1724). The yields 
of freeze-dried powder were, respectively, 3-6 g. and 3-2 g. per kg. of potatoes, and the phosphorus 
contents 0-09 and 0.05%, 

Sources of Polysaccharides.{a) Amylose. Potato starch was fractionated by using the aluminium 
hydroxide method of ourne, Donnison, Peat, and Whelan (/., 1960, 1) except that, after removal of 
the amylopectin, the amylose, mstead of being precipitated from solution with alcohol as described, was 
first brought down as the thymol-complex by the method of Bourne, Donnison, Haworth, and Peat (/., 
1048, 1687 

(b) 8 Destrin (oyn., dextrin--4). This was prepared from potato amylopectin as im Part X (preceding 
paper 

Estimation of Reducong Power by Use of 3 5-Dimstrosalieylic Acid.—-Amounts of maltose of 0-5, 1-0, 
and 20 og were treated with the above reagent by the method of Meyer, Noelting, and 
Hernfeld (Joc. cit.). The optical densities (DM"2"*) of the solutions as measured with the Unicam spectro- 
photometer were, respectively, 0166, 0-416, and 0-996. When these are plotted against maltose 
concestration the straight line joining the points intercepts the maltose axis at 0-21 mg 


Action of liophosphorylase on B- Dextrin.—The following solutions were used : (¢) B-dextrin (98-8 mg. in 
100 c.c.), (6) B-amylase (2 drops of the suspension of crystalline enzyme in 70 c.c., — the equivalent 
ot 40,000 enits of activity, measured as im Part X), (¢) phosphate buffer (0-2m.; pH 6-7), (d) acetate 
bafier (0-2... pH 6-7), (¢) isophosphorylase (400 mg. inSc.c.). The following digests were prepared and 
meubated at 21:7° under toluene 


Solution (c.c.) Solution (e.c.) 

Digest . - se A - SE  —— * 
no (b (e) (d (d (e). Water 
i i 2 l “ 

2 I 2 ! 

5 1 4 

‘ i 


The experiment was performed in duplicate, the isophosphorylase preparations A and B being used. 
At intervals (quoted in Table 1) the copper-reducing powers of 4-c.c. portions were determined. From 
these results the extent of action of tsophosphorylase was estimated by a method identical with that used 
by B. and M 


Action of Phosphorylase and Isophosphorylase on Amylose.—The following solutions were used: (a) 
amylose (A.V, 1-43; 250 mg. in & ¢.c.), (6) phosphorylase (90-6 mg. in 5-5 c.c.), (¢) isophosphorylase 
(preparation 8; 327 mg. in 55 ¢.c.), (d) phosphate buffer (O2m.; pH 6-7), (¢) acetate buffer (0-2m.; 
pH ¢@-7). Digests were prepared as follows, diluted to 25c.c., and incubated at 21:7° under toluene 


Solution (c+ Solution (c« 


Digest no () le Digest no ( { 

! 5 f 5 35 

! é h o f. me 

1 5 7 é 35 

, . P 35 

At intervals (given in Table Il) portions (1 « of digests 1—6 were removed and stained with iodine 

for the determination of A.V. (520.700 ma.) After 240 hours the digests were heated at 100° for 10 
minutes in closed flasks to destroy the enzymes. Some precipitation of amylose had occurred in all 
digests during this prolonged period The precipitate, together with flocculated protein, was 
om the centrifuge. The | i charide remaining in digests 2 and 4 was then subjected to B-amylolysis, 
and the amounts of maltose liberated by soya-bean S- amylase (1300 units) when incubated with the 


digests (2-<.c. portions in a ~— of 6c.c.) at pH 48 and 35° were determined. Because of the retro- 


gradation it was necessary to determine the amount of polysaccharide remaiming in solution in digests 2 
and 4 by acid hydrolysia. Portions of these digests (4 c.c.) were heated therefore with 5n-sulphuric acid 
acid (1:72 cc.) for 2 hours at 100°, neutralised, and diluted to 10 c.c., and the liberated glucose was 
estimated. It was necessary to correct these values for (a) the reducing power of the non-carbohydrate 
constituents, (6) the glucose liberated from the glucose-] phosphate also present in the digests, and (c) 
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the maltose liberated from the Ry ~~ pao be any amylase impurities in the phosphorylase and 
wylase prepara comtributing to the apparent polysaccharide 
: sci ri and failure to allow for its presence would give 

was too low. Corrections for these three factors 


maltose. enced the results by @ and 2° respectively 
The amounts of retrograded polysaccharide were, respectively, 32-5 and 125%, and in each digest 
26-1% of the amylose had been converted into glucose-1 phosphate. 

Polysaccharide Synuthens by Phos, and ay lase om the Presence of Phiorsdsin.—The 
followimg solutions were used (4) Glucose-1 phosphate, mg. of dipotassium salt in 0 2m-acetate 
buffer (pH 740; 50 c.c.), (6) phosphorylase (221 mg. in 10 c.c va water), (<) isophosphorylase 40n 
B; 82-5 mg. in 4.c.), (@) “ primer  (achroic dextrin, from acid hydrolysis of amylose; 1 . in 100 
c.c.), (e) phloridzin (77-7 mg. in 3 c.c. = 329 x 10°%.). These solutions were mixed as shown in 
Table ILI, the following amounts (c.c.) used : (a) 2, (6) os. (ec) O-3, (d) 0-05, and (e) 2-6. All digests 
were diluted to 5°65 c.c. with water and incubated at 21-7". he digests were stained a: Sand 19 hours 
by two methods: first, by the addition ye (h4 cc.) ue sodium hydroxide, acetic acid, and iodine 
as described by B. and M. (Helv. Chim. Acta, 1948, $1, 1735) and, secondly, by the addition to digest 
portions (0-5 c.c.) of 2n-sulphuric acid (0-1 c.c.), water (22 ¢.c.), and iodine (0-1 c.c.; O24, in 20% 
potassium iodide solution). 


Action of aE on Amylose and Glucose-| ee rag ~The following solutions were used ; 
(a) amylose (B.V., 1-43; 218-0 in 3 c.c.), (6) isop’ a tion B; 16740 mg. in 2-5 cc), 
(ec) lucose-1 phosphate (63-4 mg. in 2¢.c.), (d) acetate buffer (02m. ; Pt 0), (¢) stock soya-bean B-am — 
(5200 units im 2c.c.). The following digests were prepared. diluted to 4-5 ¢c , and incubated at 21-7 
4-5 hours under toluene 


Solution (c.c ) Iigest Solution (c.c.). Iigest Solution (c.c.). 
(). fe). (¢ no (e). (). (). (@. no (je). ® & @ 


1 05 1 2 2 0 06 I 3 0 1 o5 (1 


8 were next heated at 100° for 15 minutes in closed flasks to destroy the enzyme, then cooled, 

usted to 4-8 by addition of 0-ln-acetic acid. f-Amylase (0-5 ¢.c.) was added, and the 

po med were odneted to 5 c.c. and incubated at 35°. Measurements of reducing were made after 
3-25 and 17-25 hours and the degrees of conversion of the polysaccharides into tose were calculated 


The authors express their thanks to Professor Stanley Peat, F.K.S., for his interest and encouragement 
in this work, the Colonial Products Research Council for financial assistance, the Department of 
Scientific and Industrial Research for a grant to one of them (J. M. B.), and the Royal Society 
for provision of the Unicam spectrophotometer. 
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707. Photochlorination. Part I. The Photochlorination of 
Toluene Vapour. 


By Mowpray Ritrcnre and W. 1. H. Wrewine. 


Reaction between chlorine and toluene vapour has been observed to take place at 25", 
thermally and under the action of light of wave-lengths 3650 and 4060 a. Both reactions 
were rapid and both were inhibited by oxygen. Vessel surface effects are considered to play 
an important part. 

Quantum-efhiciency determinations have shown that the effect of oxygen may be awry 
by an equation of the type ya, = 4/(> + [O,)). The thermal reaction is similarly inhibited 
but to a greater degree. 

The thermal! reaction obeys a second-order relationship, in agreement with the postulate 

chloride as the sole products for the conditions concerned. 
reaction allows only an pny ce wy: ethcrency 


oxygen-free photo-reaction to be made. Such quantum efficiency the conditions 
involved is of the order 8 x 10*, 


Im @ projected comparison of the kinetics of the hydrogen-chiorine photoreaction (Ritchie and 
Taylor, Proc. Roy. Soe., 1942, A, 180, 423) with other p tions, attention has been 








are here recorded since previous investigation of such chlorination has generally been confined 
to the liquid state 











Ritchie and Winning. Photochlorination. 


Taste I 
Vease! volume, I litre, Temp.. 9 wens 


i, mm SHC), mm 


17” 
174 
260 ij” 
250 174 
Therma! reaction 
250 17” 
265 17-2 
17-2 


Preliminary work by Taylor (Thesis, 1941, University of Edinburgh), with light of wave- 
length 4000 4, and with initial pressures of toluene and chlorine of 17 and 25 mm. of mercury, 
respectively, at 20°, in a spherical glass 1-1. vessel showed that photochlorination was rapid 
and of high quantum efficiency. After an exposure, residual chlorine was determined by 
standard thiesulphate after addition of 20 ml. of 20%, potassium iodide solution; the further 
addition of 20 mi! of saturated potassium jodate solution gave additional iodine corresponding 
to the amount of hydrogen chloride formed during the illumination. Some of these preliminary 
results are quoted, in the order in which they were obtained, in Table I, where ACI, and AHCI 
represent the changes in pressure in the times stated. The values of quantum efficiency of 
hydrogen chioride formation (ygq) are approximate only, and were based on the previous 
calibrations of Ritchie and Taylor (loc. cit.) Three experiments in which oxygen was added, 
and three determinations of the accompanying thermal reaction, are also given. 

It will be observed that the pressure of hydrogen chloride produced ts approximately equal 
to the decrease in chlorine pressure; the photo-reaction is of high quantum efficiency, but is 
markedly retarded by oxygen: the thermal reaction is relatively small. Although the results 
are somewhat erratic, this being attributed to the disturbance of the system after each illumin- 
ation, the photochemical rate of chlorination increases generally with repeated experiment 

It was, therefore, decided to investigate such reaction more fully under experimental 
conditions of vessel size, wave-length, and light intensity similar to that of the hydrogen 
chlorine reaction above mentioned, and to use the inhibiting effect of oxygen as a means 
whereby the chiorme concentration might be measured photometrically at the end of a period 
of oxygen-free (lumination. The general procedure was similar to that given by Ritchie and 
Taylor, Chilorme and sulphur-free toluene were purified by repeated distillation, by means of 
liquid air, as required. The cylindrical silica reaction vessel was of 32 ml. volume 

The Effect of Oxygen.—-A complication immediately became evident in that even im the 
presence of oxygen an appreciable thermal reaction occurred, of a magnitude much greater 
than that expected on the basis of the above preliminary experiments with the litre vessel 
The first observations indeed showed only a slight thermal reaction, but with continued 
experiment such reaction increased progressively in rate until it amounted finally to as much as 
70%, of the total reaction. Rates then became approximately constant, and the results given 
subsequently refer to such conditions 

Addition of oxygen to a pressure greater than 60 mm. rendered the overall! rate so slow that 
investigation of the effect of oxygen above this pressure was carried out with the full light of 
the mercury-vapour lamp, filtered through 3 cm. of 5°, copper sulphate solution, in a glass 
vessel. Results are given in Table [1, where absolute quantum efficiencies of chlorine removal 
have been calculated on the assumptions that (4) the thermal! and photochemical reactions are 
additive, (6) the quantum efficiency at 60 mm. oxygen pressure is the same for the “ full "’ light 
as for light of 4060 4. In all experiments, 300 mm. of oxygen were added finally to reduce the 
rates to such a low value that the residual chlorine concentration could then be determined 
photometrically by means of light of wave-length 3650 a 

In these experiments where the pressure of oxygen was increased from 130 to 450 mm., the 
thermal! reaction decreased from 16 to zero percentage of the total 
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Taste U 
Temperature 25°; ( « 1200 secs 
Toluene, Cl, Final Final Toluene, Cl, Final 
O» mm. mm Cc, Cl, . mm mm Cc, 
mm. (initial). (initial). (total) (initial). (initial). (total) 


“ Pull ™ light 


a 





161 . , . 152 
150 : 3 , 150 
15-2 w 152 
“9 29-7 23 2 . 148 
15-1 : b : 40 150 


Although the mean chlorine and toluene concentrations are not respectively identical in 
each experiment, quantum efficiencies tend to become inversely proportional to oxygen pressure 
at the higher pressures. Quantum efficiencies may be expressed approximately by the 
equation ya, = 4/(b + (O,)) over the oxygen range 10—450 mm.; efficiencies calculated in 
this way, with 4 = 2000 and b « 245, are compared with the experimental values in Table ITI 


Tame Ill 
O, mm wy oo 
Yeu 9 a4 
Yor . 3 65 
Yeap (Yew ! o-a5 


. 


Thermal Reaction in the Oxygen-free System —Atter addition of toluene vapour to a pre- 
determined pressure, 30 mm. of chlorine were added as rapidly as possible. This operation 
took normally 1--2 minutes, care being necessary 0 
to prevent damage to the Bourdon gauge. When 
the thermal reaction had proceeded for various 
times, zero time being fixed arbitrarily as the time 
when chlorine addition was complete, oxygen to a 
pressure of 300 mm. was added, and the residual 
chlorine determined photometrically. During the 
thermal reaction, the pressure remained substanti- 
ally constant, only a smal) decrease (less than 
1 mm.) being observed. Three series were carried 
out, with initial pressures of toluene of 5, 10, and 
15 mm. Kesults are shown graphically in the 
figure, where curve I refers to an initial toluene 
pressure of 5 mm, curve II to 10mm, and curve 
Ill to 15 mm 

In each series, the decrease in chlorine pressure 
finally approaches, but never exceeds, the initial Time( minutes) 
toluene pressure, in agreement with the mono- 
substitution reaction: C,H CH, + Cl, = C,HyCH,Cl + HCl Pressures of toluene were 
calculated for various times on this basis. It was then found that the rate of decrease of 
chlorine pressure could be satisfactorily expressed by the second-order equation 


daiCl,) (dt) = AICIDIC HCH, 





& 











Chlorine pressure (sm. ) 











The continuous curves of the igure have been constructed by means of the standard bimolecular 
formula, with pressures in mm. and with & = 00026 for curve I, 00033 for curve 11, 00050 for 
curve III; in such calculations 2 minutes were added to the standard zero time, this allowing 
for the appreciable reaction which took place during the addition of chlorine The bimolecular 
constant increases with increased initial pressure of toluene 

Total Reaction in the Oxygen-free Svstem —From the figure it is obvious that during such 
chlorine addition, thermal reaction had occurred to the extent of approximately 30% of the 
total, a change too large to permit the application of the usual methods of examination of the 
photoreaction. The following observations were, however, recorded. To 15 mm. of toluene, 
30 mm. of chicrine were added as rapidly as possible, and light of wave-length 3650 a. then 
applied. The rate of chlorine disappearance was then followed by recording the movement 
of the light spot of the photo-electric cell-galvanometer system. The values of chlorine 
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pressure thus obtained were regarded as reasonably accurate after 2 minutes. Typical results 
are presented in Table IV, where the given rates of chlorine removal were obtained from the 
smoothed curve of chlorine pressure plotted against time 


Taste IV 
Total reaction 
y ~ 3650 4. Initial toluene pressure ~« 150 mm. Initial chlorine pressure « 30-0 mm 


‘, mine ; ” I 5 
or mm -» (30) (9 5) ) is 
a(Cl,) as (16 6) (s*) O+ 
bog ye A(CI,) ds (4-22) (0-945) j —0- 0 


An estimate of ec photochemical quantum efficiency may be made as follows. The plot 
at log,, 4(Cl,) (dt against time is almost exactly linear; extrapolation to zero time gives a value 
of logy, 4(Cl,) /dé of 1°22, corresponding to a total thermal! plus photochemical rate of chlorine 
removal of 166 mm. per minute. From the previous section, the approximate thermal 
reaction rate at “zero” time is A(Ci,)(C H yCH,) = 00050 x 25 x 10 = 125 mm. per 
minute. If the thermal and the photo-reaction be regarded as additive, the rate of the photo- 
reaction alone is then 16°6——1°2 « 154 mm./min. For the conditions in question, from previous 
calibration, the intensity of absorbed light of wave-length 3650 a. was 86 x 10 quanta per 
sec. and the corresponding quantum efficiency at this intensity at a chlorine pressure of 25 mm 
and a toluene pressure of 10 mm. is estimated as 7:5 = 10 molecules of chlorine per quantum 
absorbed. On the assumption of a mutual recombination process in the mechanisms of both 
thermal and photo-reactions (cf. Noyes and Leighton, “ Photochemistry of Gases,” 1941, 
p. 198), the corresponding efficiency is 81 x 1* 

In contrast to the purely thermal reaction, the recorded chlorine pressures of Table 1V show 
that monosubstitution is by no means the only reaction occurring; the original pressure 
increase on illumination due to the heat of reaction (22,000 calories) was succeeded by a con- 
tinuous decrease in pressure, and reaction was accompanied finally by the production in the 
reaction vessel of a yellowish deposit, soluble in alcohol 


Discussion. 


An early investigation by Luther and Goldberg (2. physikal. Chem., 1906, 56, 43) on photo- 
reactions of chlorine with various organic substances in the gaseous state, including toluene, 
showed that oxygen exerts a strong retarding influence. Gibbs and Geiger (U.S.P. 1,246,739, 
1917) describe a process in which toluene vapour with various proportions of chlorine may be 
used to produce benzyl chloride, benzylidene chloride, or benzotrichloride by irradiation by 
ultra-violet light, a somewhat similar process being given by Ellis (U.S.P. 1,202,040, 1918) 

With liquid toluene, chlorinated just below the boiling point, Book and Eggert (Z. Elektro- 
chem , 1923, 29, 521) found benzy! chloride to be almost the sole product, in addition to hydrogen 
chloride, no matter whether the reaction was carried out in light or in darkness, provided that 
no chlorine “ carriers "’ were present. At a temperature of —80°, the dark reaction was 
almost entirely suppressed, but suitable illumination gave benzyl chlonde and chlorotoluene, 
with a quantem efficiency of about 25 molecules. Further work by Bergel (Ber, 1926, 59, 
153) and by Olivier (Rew. Trav. chim, 1938, 57, 741) suggested that the compounds formed and 
their proportions depend on the intensity of the light used, the latter author postulating 
derivatives of chlorocyclohexanes as possible other products 

Kharesh and Berkman (/. Org. Chem, 1941, 6, 810), working with liquid chlorine and liquid 
toluene, found, both in the dark reaction and in the much more rapid reaction brought about 
by illumination, that of the 99% of chlorine reacting 54% was used by substitution in the side 
chain and 45°, by addition to the nucleus. Oxygen appeared to retard the reaction only to a 
smal! degree 

As shown by the results quoted above, detailed examination of the kinetics of photochlorin- 
ation of toluene vapour cannot be satisfactorily carried out for the present conditions by reason 
of the accompanying thermal reaction. Mason, Small, Thompson, and Wheeler (/.. 1931, 
3150) investigated the vapour-phase thermal! reaction between chiorine and toluene at tem- 
peratures above 250°, by means of a flow system; reaction proceeded smoothly and rapidly 
to give side-chain chlorination products, mainly benzyl and benzylidene chlorides, but in the 
presence of small amounts of chlorine carriers such as iodine or ferric chlonde nuclear substitution 
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also occurred. When the reaction tube was packed with fireclay, practically complete 
chlorination was obtained at 260° with a gas mixture of | vol. of chlorine to 1-2 vols. of toluene; 
the proportional formation of benzylidene chloride was greatly increased with excess of chlorine 
at 300°. Since the technical object sought was complete utilisation of the chlorine, comparison 
with the present results at 25° as to absolute rates is difficult, more particularly as surface 
action is obviously involved in both cases. The equivalence of the onginal toluene pressure 
and the total chlorine pressure change, the applicability of the bimolecular law, and the 
constancy of pressure, all point to benzyl chionde and hydrogen chiorde as the sole products 
of the present thermal reaction. Such reaction is retarded by oxygen; from Table Il rates of 
the thermal reaction in relation to oxygen pressure are as follows 


Temp. = 25°. Initial toluene pressure ~ 15-0 mm. Initial chlorine pressure « 30-0 mm. 


O, mm. . , f 200 wow 40 
ac, (exp.) " 
1 


3 06 00 
ACI, (cale.} 1 


0-77 0-5 


Although the mean chlorine and toluene pressures are not respectively constant throughout, the 
retardation by oxygen can be fairly well expressed by the equation A(Cl,).4. = 260/(25 + [O,)) 
Values thus calculated are given in the third line of the above table; retardation by oxygen is 
much more efficient than in the case of the photo-reaction 

In the absence of oxygen it is obvious that benzyl! chloride is by no means the only sub- 
stitution product; with initial pressures of 30 mm. of chlorine and 15 mm. of toluene, practically 
all the chlorine was used up in 5 minutes with the light intensity concerned. 
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708. Photochlorination. Part II. The Photochlorination of 
Methane. 


By Mowesray Kircnuie and W. lL. H. Winnine 


The photoreaction between chlorine and methane has been examined under different 
intensities of absorbed light of wave-lengths 3650 and 4060 a.. and at various pressures of 
methane, chlorine, and of the added gases oxygen, hydrogen chloride, nitrogen, and argon. 

The inhibiting action of ox was extreme 


For oxygen-free mixtures, quantum efficiency tended to approach inverse propor 
tionality to the square root of the absorbed light intensity at low intensities, but at high 


intensities became ——— of the absorbed light intensity: it was directly Fy ete 
to methane pressure at low pressures, but approached a constant maximum at high pressures 
it was decreased by the addition of argon, nitrogen, and hydrogen chloride, and increased to a 
maximum at an intermediate pressure of chlorine 


Quantum efficiency values at high light intensities were of the order 2 = 10° for pressures 
of methane and chiorme of 45 mm 


The observations are interpreted by a chain mechanism in which chain ending involves 
the formation of Cl, molecules 


Many analogies can be drawn between the chemical behaviour of hydrogen and methane; 
in particular, they both react with chlorine to give the corresponding chlorides, and on illumin 
ation by light absorbed by the chlorine the reaction in both cases is very rapid, proceeding 
by a chain mechanism of high quantum efficiency. In spite of exhaustive investigation of the 
hydrogen-chlorine photo-combination, there is still doubt as to the means by which chlorine 
atoms are removed in the gas-phase chain-ending process, the reaction being complicated by 
surface action, diffusion of chain carriers, and possibly by convection, on the other hand, 
comparatively little examination has been made on similar lines of the corresponding reaction 
with methane 

Such photo-reaction produces in general, in addition to hydrogen chloride and methy! 
chloride, the further substitution products methylene dichloride, chloroform, and carbon 
tetrachloride. Coehn and Cordes (Z. physihal. Chem., 1930, B, 9, 1) found the quantum 
efficiencies of production of each of these species to be of the same order of magnitude; in the 
case of methane, the value of the quantum efficiency, on initial to light, was approxi- 


exposure 
mately 2 x 10*, when the proportion of methane to chlorine was 1:1. No chloroethanes were 
1l0v 
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detected. The cham mechanism preferred was that involving CH, radicals, a conclusion also 
supported by Jones and Bates (/. Amer Chem. Soc, 1934, 66, 2282), who used a flow system 
in which, however, small amounts of oxygen were present, and by Tamura (Rev. Phys. Chem 
Japan, 1941, 15, 86) 

In Tamura’s experiments the only variable was the intensity of the incident light; on the 
basis of three such values, the rate was found to be proportional to a power of the absorbed 
ght (o.) approaching 06, this leading to the conclusion that reaction chains were terminated 
mainly by mutual recombination of chaim carriers rather than by inhibitors or on the wall« 
of the containing vessel. Calculation of the mean life of a chiorine atom, by a method of 
therma! analysis of the reaction rate, then showed that the direct mutual recombination of 
chiorine atoms in a triple stabilised collision was not of importance, the reaction scheme 
favoured involved the species Cl, as an unstable intermediate 

The results of an investigation into the corresponding photo-combination of hydrogen and 
chiorine (Ritchie and Taylor, Proc. Roy. Soc., 1942, A, 180, 423) have been interpreted by a 
similar mechanism. A comparable study of methane photochlorination has now been carned 
out, in which the effects, on the quantum efficiency, of the variation of absorbed light intensity, 
and of different pressures of chlorine, methane, oxvgen, nitrogen, argon, and hydrogen chloride 
have been examined 


EXPERIMENTAL 


The general methad of experiment was as described by Ritchie and Taylor (lec. ett.) (cf. Ritchie and 
Norrish, Pree. Roy. See, 1933, A, 140, 99), in which the photo-reaction rate was measured photo 
metrically by light of wave-length 3650 4. after sufficrent oxygen had been added to reduce the rate t 

ligible proportions. The cylindrical reaction vessel was of transparent silica, of approximate 
volume 30 ml., pressures being measured by a balanced Bourdon gauge system. To obtain reproducible 
rates, every care was necessary, not only in the purification of reactants but also in all working 
procedures 


Cylinder methane, after preliminary purification by sodium hydroxide, concentrated sulphurk 
wid, and phosphoric oxide, was subjected to repeated fractional distillation by means of liquid oxygen 
and finally passed through molten sodium ne reaction rate was very sensitive to oxygen and the 
«xlium treatment could not be omitted: a similar purification was given to nitrogen and argon 
Blectrolytic hydrogen, used for the production of hydrogen chloride m tw in the reaction vesse 
was =| over hot copper, platinised asbestos, and finally over a white-hot tungsten filament, wit! 
suitable liquid-oxygen traps for any water produced. Cylinder chlorine was purified by repeated 
fractwnation and every precaution was taken to prevent oi] vapour from the Hyvac oi] pump or mercurn 
vapour trom the balancing mercury column of the Bourdon gauge from reaching the reactant gas streams 
or the reaction vessel. With extensive washing out of the system with the reactants and by pre 
illumination of the chlorine as finally introduced, the initial pressure rise on illumination could be taken 
as a good indication of the ultimate reproducibility of an experiment 


To minimise progressive chlorimation, times of illumination were as short as experimentally per 
missible. The change in chlorine pressure was usually not greater than 10 mm., for initial chlorine 
pressures of 50mm. Variation in reproducibility of rate results was normally within 10%, Absolute 
values of quantum efhciency (y) of chlorine removal were obtained by calibration of the hght mtensity 
im terms of the rate of hydrogen chloride formation for [H, Cl O, ) mm., pressures for 
which the quantam efficrency has already been established under comparable conditions (Norrish and 
Ritchie, oe. e., p. 713 The source of light used in all series except one (see Table 114) was a 125-watt 
230 v. A.C. Osira mercury-vapour lamp run in conjunction with a voltage stabiliser. Combinations of 
hiters and biue glass plates were employed to reduce the intensity of the light beams of wave-length 
36M) and 4000 « All experiments were carried out at 25 at this temperature no reaction in the 
abacnce of light was ever observed over times comparable to those involved in the photo-reaction 


Ne selts 
Taste I 
Variahon of oxygen pressure 


Oy. ‘, | Oy. ° Ite 
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Variation of light intensity. 
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DiIscUSSION 


The high quantum efficiency and the general reproducibility of rate results suggests that 
no occasional inhibitors were present in the system. The marked effect of oxygen (Table 1) 
s to be noted; a quantum efheiency of 2200 in the absence of oxygen was reduced to 150 by 
i mm. and to 15 by 10 mm. of oxygen. Such quantum efficiencies can be expressed by the 
equation y Ai(a + O,), imverse proportionality to oxygen pressure being evident above 
imm. (Cl, CH, 45 mm.) The corresponding pressure in the hydrogen-chiorme reaction 
is approximately 10 mm. (Cl, ~ H, 43 mm.) (Norrish and Ritchie, joc. cit), and in the 
chiorine-toluene reaction is approximately 300 mm. (Cl, < 25 mm, toluene pressure 10 mm } 
Ritchie and Winning, preceding paper) 

Previous investigators have agreed, mamly by consideration of the heats of reaction of 
the possible chain processes, that CH, radicals and not hydrogen atoms are involved. If 
hydrogen atoms were concerned, then their removal by oxygen would be facilitated by hydrogen 
chloride, as im the hydrogen chloride reaction where postulated mechanisms are 


H+ O, + HCl HO, + HCl H+ O, + HCl « H,O + Clo 


One experiment is included in Table | in which the presence of 210 mm. of hydrogen chloride 
with 60 mm. of oxygen showed no retarding effect at all; and therefore the large inhibiting 
effect of oxygen can only be explained by its attack on CH, radicals. Further investigation 
showed that hydrogen peroxide was absent from the above illuminated system, in contrast 
to hvdrogen-chlorine-oxygen mixtures (Norrish, Trans. Faraday Soc., 1931, 27, 461), but 
fortlaldehyde was detected by means of chromotropic acid. The initiation and propagation 
of the chains may thus be represented by 


hy i 1) 
CH, > HC! + CH, 2 
CH, + Cl > CHCl + Cl 3) 


Of first importance im the elucidation of the chain-ending process is the intensity index 
in the relationstup —dCl, déa/y.* From Table Ila, it is evident that at the higher intensities, 
wer the range /... 79 10 to O76 10" the index is approximately unity, but at lower 
ntensities the quantum efficiency mses, corresponding to a decreased value of m Table Ila 
refers to results obtained with the A.C. mercury-vapour lamp used generally throughout 
vhen the Ulumimation was thus intermittent (50 cycles per sec), and accordingly this series of 
experiments was repeated with a direct-current mercury /2mp, results being quoted in Table IIb 
Although absolute values appear to be some 30°, less for the continuous light source, the index 
*, approximately unity at high intensities, becomes less than unity at low J... the change 
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becoming appreciable again at an /,,. value of approximately | x 10” quanta per sec. Values 
of m as obtained from the smoothed graphs of /,,. against y for both senes are given below. 


lua x lor’ ; 80 o-4 e2 
io* 2-26 30 : 41 
om . 0-69 OM 

hed — 1% 3-3 3o 
: — Obs 0-55 


Intermittent current { 4 . 


Contineous urrent {7 “ 


It has been urged by Bodenstein (Ber., 1942, 75, 4, 119; Z. physithal. Chem, 1941, B, 48, 254) 
that the method of light intensity reduction, by means of filters and bive glass plates placed in 
the path of the light beam, is suspect and may lead to results of the above form if the beam 
is not monochromatic. The method was therefore applied to a reaction in which the rate ts 
undoubtedly directly proportional to /,,,, when the absorbing chlorine was at the same pressure, 
and the experimental arrangements, filters, etc., were otherwise as before. The reaction 
selected as most convenient in the present instance was the hydrogen-chlorine-oxygen reaction, 
for which » is unity for (Cl,) = 45, [H,) = 45, [(O,) «= 10 mm. (Norrish and Ritchie, joc. cit). 
This reaction rate at the lower intensities here in question is very low and it was not practicable 
to reduce the intensity to less than one-twentieth of the normal maximum value (119 to 
57 « 10"). These results are given in Table Il¢; it will be observed from the relative values 
of quantum efficiency that linearity exists between rate and J, over the range. In Table Ila, 
I mq for } — 3650 a. is reduced similarly to approximately one-twentieth of the same normal 
maximum, but the decrease in » is already appreciable (from 0°97 to 0°69); and the results 
for ) = 4060 a. fall satisfactorily in the expected positions. For these reasons it is believed 
that the index variation observed is an essential feature of the reaction mechanism 

The occurrence of index values approaching 0°45, confirming the carlier work of Tamura 
(loc. cst.), mdicates chain-ending by recombination of chain carriers. Possible reactions are 


CH,+ CH, —» C,H, . 6 4a) 
CH,+Cil —» CHS! .. , . (4b) 
a+ci4+™M—> Cl+M Ye & (4c) 


Apart from the fact that no chlorinated ethane was observed by Coehn and Cordes (loc. cit), 
none of these possibilities predicts the experimental result that at high mtensities the quantum 
efficiency becomes independent of Jy,. Under certain conditions, the occurrence of an index 
value of unity may be explained by surface removal of chain carriers, for example, by diffusion 
to the vessel surface. If, however, chain carriers are removed by two possible processes, the 
rate of one being proportional to the square of the carrier concentration and that of the other 
proport? onal to the concentration, as would be the case for diffusion, then at high /,,, the former 
will be favoured, and the rate, proportional to /,,. at low intensities, will become proportional 
to Jy,* at high intensity. The converse is true for the present experiments 

If the rate S of surface removal of chain carners is determined mainly by convection, and 
surface removal is predominant, S will increase as /,,, is increased, by reason of the increased 
rate and heat of the reaction and the increased convection. The quantum efficiency would 
then show a constantly decreasing value (a 1/S), again in contrast to the present results 

The general reproducitmlity of experiment indicates that extraneous inhibitors, if present, 
must be in approximately constant amounts, the kinetics being then comparable to the diffusion 
surface action above discussed if the inhibiting action is of first order with respect to the cham 
carrier; if it is of second order, the change of index n to unity at high /.., again cannot be 
explained. It would then appear that the chain-ending species must be produced by and be 
dependent on the light action, and the only possibility then seems to be the Cl, complex. To 
the previous initiation and cham processes we therefore add 


Ccl+C,+M —»> Cl+M 
cL+M—> clL+C4+M 
a¢+¢da, — > MX, 


By the stationary-state method, the quantum efficiency of chlorine removal is then 


_ CHIT, AM ft 
You = 3G) ie N Tan 
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When /,, is the only variable, this reduces to ya, = a(1 + 6 V Ie ), the quantum efficiency 
being thus independent of /,. at high intensities, but becoming inversely proportional to 
V Luaq St low intensities, in agreement with experiment 

All reactant and resultant molecules must be considered as playing the part of M molecules 
and 4,/Cl,)(M) is therefore composite and must be written as 


CLAP CL) + ACH, + APOOHCH + AM CHCl + ARM 


Similarly, 4,°M) is to be replaced by APY C1, + _ where AD /Ag* = AGA, etc 
For conditions in which the /,. term is inappreciable, i, at high intensities, the addition 
ot, say, argon of nitrogen will decrease the quantum efficiency without altering the 
intensity relationship, but if the coefficient 4, is large, the /,,. term will increase and the rate 
of reaction will tend to become proportional to y/,.. A partial approach to this state appears 
to exist in the index values for high hydrogen chlornde pressures, but not for nitrogen or argon 
(see Table Vi, based on results of Table V) 


Taste VI 

(a8 pressure, mm loo fon AMD 

m (HCI) ’ 0-67 0-65 0-65 

wiA o-76 76 O76 

mw (Ny 72 O71 O71 0-72 0-73 

Since CH, must also be considered im this connection, the quantum efficiency will only be 
proportional to methane pressure at low pressures, and at high pressures will tend to become 

weindependent of CH,), in agreement with experiment. Increase of chlorine pressure ought always 

to produce a decreased quantum efficiency, but experimentally such an effect is not observed 
wnt! (Cl,) is greater than 100 mm. at high /,,, 200 mm. at intermediate values of /,,,, and 
300 rom. at low J, (Table [V) 

It &» then possible that diffusion of chain carriers to the vessel surface is of importance 
The imitial addition of argon does produce a small increase in y (Table Va) at low /,,,, as would 
be expected by decreased diffusion If the diffusion reaction is 


CH, > surface 


then at high J... when the J... term is negligible, the quantum efficiency becomes 


2h,(CH,)(4,(Cl,) + S,) 
¥ : are 
ASCH S, + Ay Ci) M)(ayCl,, + S,) 
If the diffusion reactions are 
a1 —> surtace 


Cl, > surface 
at high J... when the /,. term is negligible 
ASCH) {A (CL) MIL + S,/4 CLM} 


When the /... term is included, the expresswns are complex and contain terms in S, and S, 
respectively Further experiment i necessary, particularly on the variation of methane 
pressure at low intensities, to confirm or distinguish between these possibilities. In both cases, 
merease of chlorine pressure will mitially increase the quantum efhiciency by decreasing the 





rates of diffusion. Other chain endings are possible, ¢¢, the reaction between CH, radicals 
and Cl, complexes 

The above results, however, show a decided similarity to the corresponding hydrogen 
chlorine photoreaction (Ritchie and Taylor, loc. cst), and by neglect of the supposed diffusion 
or other factor, relative values of certain coefhcents may be obtained for comparison 

The following table shows that the variation of y with /,. can be fairly satisfactorily 
represented by yy ail + bV io 


wo 120 ~ 10 


45 mm HC) 
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In the hydrogen-chlorine reaction, with [H,) « (Cl,) = 43 mm., HC] «~ 15 mm., the corre- 
sponding value of 4 is markedly different (11,200) as would be expected from the substitution 
of methane by hydrogen in reaction (2), but the value of 6 is of the same order, viz, O91 x 10° 
Any change in 6 (= &,[M)/1V 24,) is determined essentially by M (=< Cl, + &,'M’), since the same 
reactions are involved im the two cases, at the same temperature. Methane and methy! 
chloride must be expected to have greater efficiencies than hydrogen and hydrogen chloride, 
in such reactions, because of their greater molecular complexity; the slightly greater value 
of 6 in the methane chlorination is in agreement with such a view. The velocity coefficient 
&, of the reaction between chlorine atoms and methane (from 4 ~ 24,/CH,)/4,/M)[(Ci,)) is thus 
approximately (11°2,2°0) « (120/001) < 7°5 times less than the corresponding Ci-H, reaction 
at 25°. Taking this collision efficiency as 35 « 10°* (Rodebush and Klingelhorfer, ]. Amer 
Chem. Soc., 1933, 55, 130), we find the collision efficiency of reaction (2) to be approximately 
05 x 10 

If AG is taken as unity, and the J, term of the general expression assumed to be small 
and constant, the variation of y with CH, pressure may be represented by 


212 « 10%CH, 
CLA Ci, + MOC + RACH Cl CH, ) 


Yrax 


when at Cl, 45 mm., (HCl) « (CH,Ci 5 mm., the summation AfCl,) + AFPCHCI) + 
A CH,C)) is 50. This is shown in the following table 


Cl, 45 mm HCI CHA!) 5 mm 
CH, Your Youte Yeu CH,, Year Youw Yeas. 
mm lw? lo Yeas mm iw . lo Yor. 
21-2 147 142, iim loo 310 a7 0-98 
“an 238 2-23 107 194-6 3390 378 ow 


The variation of y with argon pressure (Table Va) shows no change in the intensity index 
Table V1), but at low intensity a small! initial increase is to be observed with increasing argon 
content, an increase already ascribed to decreased diffusion. At high J... in agreement with 
expectation, the retarding effect ts more pronounced, but in the absence of a recognised diffusion 
process, only a very approximate value of the 4, argon coefficient can be obtained. At the 
higher pressures, when diffusion will be less, the results indicate a 4} coefficient of approximately 
Ot (ASM: 1-0). This will be a minimum value. la the nitrogen series, diffusion will still be 
in operation, but the coefficient Af* is obviously appreciable and may be derived with greater 
accuracy from the high-intensity results of Table Vb. From the results at 200 and 400 mm 
pressure, A¥* is calculated as 0°37 (A{™* — 1-0). Similar calculations applied to the hydrogen 
chloride series (Table Vc) indicate a &¥° of approximately 0°2. With the exception of HCl, 
these coefficients are relatively in the same order (A*<ch**<A™) as already determined for 
other triple collision processes (Ritchie, J/., 1937, 863; Rabinowitch and Wood, ]. Chem. 
Physics, 1036, 4, 497) 
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709. The Chemistry of Extractives from Hardwoods. Part II1.* 
Baikiain, an, Amino-acid Present in Baikiaea plurijuga. 
By F. E. Kowo; T. J. Kove, and A. J. Warwick. 


An amino-acid (baikiain), present chiefly im the water-soluble fraction of Khodeman teak, 
the tumber of Bashiaca pluryuge, has been shown to be 1-1: 2° 3° 6-tetrahydropyridine-2- 
carboxylic acid. Thus, on oxidation it gives a product from which trimethyl (\-carboxy- 
methy!)-t-aspartate may be obtained, kientical with a synthetic specimen 


The presence of baikiasn the pyrolysis products of t-1 2 3: 6-tetrabydropyridine- 
2 4@dicarboxylic acid, as indicated by paper chromatography, supports the structure asmgned 
op analytical evidence. The necessary tetrahydropyridimedicarboxylic acid was synthesused 
by well-known reactions from triethyl! (\-carboxymethby!)-.-glutamate. 


Iw the course of a general investigation of the constituents of timbers stated to be resistant to 
decay and to the attack of wood-destroying insects, we have examined the heartwood of the 
Rhodeman tree, Bashiaca plurijuga (family, Leguminosae) The timber is described commercially 
as Khodesian teak, but it bears no botanical relationship to the well-known Burma teak, 
Tectona grandis (family, Verbenaceaw). Rhodesian teak is light reddish-brown, with characteristic 
irregular dark markings which unpart a pleasing appearance to the finished material. The fine 
uniform graim gives it a smooth and very hard-wearing surface, and when imported into the 
United Kingdom it is thos chiefly used as a high-quality flooring timber 

The Khodesian teak used in the following experiments was procured through the kindness 
of Mr W.G. Campbell and Dr. W. P. K. Findlay, Forest Products Research Laboratory, Princes 
Risborough. Successive extractions of the powdered timber with light petroleum, ether, and 
chloroform yielded little product, but on treatment with cold ethanol 18°, of the wood was 
recovered from the alcoholic extract as a dark reddish-brown powder, increased by percolation 
with hot alcohol to a total of 21.22%. Thereafter, extraction with hot water gave an 
additional 2.24%, of dark amorphous solid. Both the latter, and the alcoholic extract which 
also was readily soluble in water, were phenolic, and from their general properties appeared to 
consist largely of tannins; neither fractionation with solvents or as lead salts, nor the preparation 
of acetyl or benzey! derivatives, etc., resulted in the isolation of any homogeneous product 
However, an aqueous solution of the combined alcohol and water-soluble fractions, from which 
tannin substances had been completely removed with lead acetate, after suitable manipulation 
vielded a minute quantity of crystalline solid, m. p. 274°, dissolving somewhat sparingly in 
ethanol but freely soluble in water A water extraction of the timber was therefore made 
omitting pretreatment with alcohol, and by dissolving the resulting solid in methanol and 
concentrating to a certain critical volume, appreciable amounts of the new product, subsequently 
termed hathiain, were successfully crystallised 

A simplified process of isolation affording much larger yields was then devised, depending 
on the deposition of the tannin content as reddish-black resinous solid on heating the extract 
with mineral acid Incidentally, the modified extraction technique revealed the basic character 
of the new compound. At first, the total water-soluble extract of the timber was so treated, 
but later it proved sufficient simply to stir the powdered wood, without any previous solvent 
treatment, in cold dilute hydrochloric acid, whereupon, although only a relatively small proportion 
of tannin was extracted, wolation of the baikiain was not adversely affected. The aqueous 
solution was afterwards concentrated to small bulk by being heated on a steam-bath, and 
separated from the resinous deposit. Evaporation to dryness then left a semi-solid residue 
which when triturated with cold methanol gave a colourless crystalline solid (1 g./100 g. timber 
consisting of baikiain hydrochlonde To determine whether this considerably larger vield 
might be due to the existence in the wood of some compound of baikiain sensitive to 
acid hydrolysis, a separation was carried out in which the phenolic constituents of a cold water 
extract were eliminated by shaking it with activated alumina The isolation from the remaining 
colourless neutral solution of some 80° of the amount prefiously obtained by using the hydro- 
chloric acid method shows that the baikiain content of the wood exists substantially uncombined 

The solubility characteristics and high melting point of baikiain, and the presence of 
nitrogen, were suggestive of an aminv-acid structure, and in the early stages, before analyses had 
been completed, attempts were made to identify the small quantity then available by partition 
chromatography, phenol saturated with water being used as the mobile phase. A comparative! 


* Recent publications entitled “The Constitution of Chiorophorin, etc.” (F. E. King and 
M. FP. Grundon, /., 1969, 3348, 1950, 3547). are considered to be Parts I and II of this series 
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high R, value of 0-82 was found, and this, together with the yellow-brgwa ninhydrin colour, 
which is characteristic of the restricted group of cyclic a-amino-acids such as proline, was 
sufficient to show that the compound was not one of the known amino-acids. This became 
obvious with the completion of analyses of baikiain, its hydrochloride, picrate, N-benzoy! 
derivative, methyl ester, methyl ester hydrochlonde, and N-benzoyl methy! ester, all of which 
corresponded to an empirical formula of C,H,O,N. The low boiling pomt of the methy! ester 
lett little doubt that this was also the molecular formula of the amino-acid 

Catalytic reduction of the amino-acid and of its hydrochloride resulted in the addition of 
one molecule of hydrogen, thus limiting the constitution to that of a methylpyrroline- or tetra- 
hydropyridine-carboxylic acid. The nature of the heterocyclic structure, and also the position 
of the substituent carboxy! group, was shown by heating the hydrochionde with zinc dust 
whereupon an oil having a strong pyridine odour was collected. A comparison of its picrate 
with those of the three picolines proved the distillate to be a-picoline. Complete reduction of 
the carboxyl group in the tetrahydropyridine acids during zinc-dust distillation appears to 
be characteristic of the series; guvacine (1: 2: 5: 6-tetrahydropyridine-3-carboxylic acid) 
under these conditions forms §-picoline (Jahns, Arch) Pharm., 1891, 229, 693; Freudenberg, 
Ber, 1918, 51, 1675) 


Ke vf ; 


. é ~ K¢ ne } 
con i (; con aA a H-CO,RK 
i ee i Y 

(iL) (iv.) (Vv. 


HO,CCH  -NH-CH-(CO,H), HO,C-(CH,)) yNH-CH,CO\H 
(vi (VIL) 


Baikiain has in aqueous solution a strong negative specific rotation. The dihydro-derivative 
formed by catalytic reduction appears from the scanty published data to be identical with the 
levo-rotatory isomer of pipecolinic acid. For dihydrobaikiain, however, a value (al? ~ —25°2° 


was found, whereas Mende (Ber., 1896, 29, 2889) has given (olf = 349° for a synthetical 
specimen resolved via the tartrate. On the other hand, the carefully purified acid obtained by 
Willstatter (Ber., 1901, 34, 3168) from the oxidation of conhydrine has (a)ff = — 247° which is 
in good agreement with our measurement 

Having established that baikiain js a tetrahydropicolimic acid, it remained to ascertain the 
situation of the double link) The A'- and A*-positions are possibilities that can be dismissed 
immediately, not merely because baikiain forms an N-benzoyl derivative, which could be 
explained on the basis of tautomerism, but because the acid stability of the compound is 
incompatible with a Schiff's base structure, The absence of any decomposition or 
polymerisation on rigorous treatment with acid or alkali may be taken to exclude (1) which 
possesses a vinylamine group and although this consideration may have less significance in (I1) 
where some stabilisation is to be expected from the proximity of the carboxyl group, this latter 
formulation is inadmissible since the optical activity of baikiain requires the presence of an 
asymmetric centre. Of the remaining two structures, (ILI) seemed to be the more likely because 
(IV), being a Sy-unsaturated acid, would undergo comparatively easy racemisation, whereas the 
amino-acid suffered only partial loss of optical activity after 12 hours in boiling 40% aqueous 
sodium hydroxide 

The At-structure (111) mmplies that under suitable conditions baikiain would be oxidised to 
the imino-tricarboxylic acid (V; K «= H), but before this degradation was attempted a synthesis 
was undertaken of the expected product im the form of its trimethy! ester, believed to be the 
most suitable for the preparation of easily recognisable crystalline derivatives. In order that 
there should be no uncertainty in identifying the oxidation product, methy! esters of the acids to 
be expected from the alternative though less probable structure (1V) were also synthesised, 
that is, (VI) and its posaible decarboxylation product (VII). The 4*-compound (1) would have 
been oxidised ultimately to t-glutamic acid; the hitherto unreported picrolonate of its dimethy! 
wae ent oe = in the course of this investigation. 

The appropriate optically-artive trimethyl ester of N-carboxymethylaspartic acid was 

prepared from methy! L-aspartate and methyl chloroacetate, and the esters of (VI) and (VII), 
respectively, by the action of methyl bromomalonate and bromoacetate on $-aminopropionitrile 
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fallowed by methanolysis of the products. Each of these esters was charactermed by a crystalline 
pierate and jacrokmate 

Several attempts were made to oxidme batkiain and its compounds with ozone and with 
potassium permanganate before the necessary conditions were found. The methy! ester and 
\ -benzoyibaiknain gave only insignificant amounts of unpure maternal, but ozonolysm of 
\N -benzeyibaikiain methyl ester was partiy successful. However, the most consistent and 
satisfactory results were obtamed from the action of ozone on a solution of baikiain in dilute 
hydrochloric acid, the oxidation being completed with hydrogen peroxide. Appreciable 
resinification invariably accompanied the final stages, but after evaporation, and esterification 
of the dark residue, it was posmble by distillation to obtain an oil giving a picrate and picrolonate 
identical with those of the ester (V; KR « Me), thus firmly establishing the constitution 
attributed to baikiain on general grounds. Correspondence between the specific rotation of the 
esters from natural and synthetic sources gave further support to this concluson as well as 
confirming that the cyclic amino-acid is a member of the usual L-series The characteristic 
iowering of the specific rotation on salt formation was also observed both with baikiain and with 
its dihydro-derivative and their hydrochlorides 

Experiments on the synthesis of baikiain followed the course indicated below and were based 
om t-glutamic acid in order that optical resolution of the final product would not be necessary 


CO, Rt LUskt 
Hg eu 
. CO,Et 
Hoy H, on, on 
HY¢ CH-CO,Et . CH-CO,Et CO.Et 
‘ ating 
y COPh 
(VIL) } (XL) 


¥ 
‘ O,H 


con 
t 
ix (XIV.) 


friethy! V-carboxymethyl-t-glutamate (VIII, K H) was readily prepared from ethyl! 

t glutamate and ethy| bromoacetate in acetone mn presence of potassium carbonate. Cyclisation 
to & piperidone was first carried out with the acetyl derivative, but better results were obtained 
with the N-benzoy! compound (VIII; RK COPh), as in an analogous ring-closure described 
by MecKivam and Stork (/) Amer. Chem. Soc, 1946, 68, 1049), and treatment with powdered 
sxdiam in benzene gave an oily product which, although it may have contained appreciable 
amounts of the womernc 2 6-dicarboxylate, from the results of later reactions appears to have 
consisted largely of (IX: R COPh). Hydrolysis in boiling hydrochloric acid gave 5-keto 
piperidine-2-carboxviic acid (X) which was obtammed as a crystalline hydrochloride; a 2: 4-di 

nitrophenylbydrazone hydrochioride was also prepared. Catalytic reduction of the 
bydrochioride of (X), despite the generation of a new asymmetric centre, produced a homogeneous 
product, but in its reactions with the standard dehydrating agents the resulting 5-hydroxy 

piperidine-2-carboxylic acid (XI) gave no evidence of the formation of either the desired 
tetrahydropyridine-2-carboxylic acid or even of its S*-1somende 

The projected synthesis was therefore revised, the diethyl! 1-benzoy!-5-ketopiperidine-2 : 4 

dicarboxylate (IX R COPh) being first reduced to the hydroxy-diester (XII), and 
dehydration attempted before decarboxylation at the 4-position. The glassy product obtained 
by catalytic redaction of (IX; RK « COPh) was heated to 180° in a stream of hydrogen chloride 
ef. MeElvain and Stork, Joe. esf.), and without isolation of the intermediate, it was hydrolysed 
with boiling hydrochloric acid to give the hvdrochlonde of the tetrahydropyridinedicarboxylic 
acid (XIV) However, better results were obtained when the carbinol (XII) was dehydrated in 
pyridine or dimethylaniline with thiony! chlomde. The less viscous product, presumably 
XIU), was then hydrolysed with hydrochloric acid. From the resulting crystalline salt, 
! 2:3) &tetrahvdropyridine-2 : 4-dicarboxviic acid (XIV) was liberated by treatment with 
silver carbonate, but the 4-carboxy! group, which was expected to be the more labile because of 
its attachment to unsaturated carbon, could not be eliminated by the ordinary methods of 
«lecarboxvlation 
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Finally, (XIV) was heated under pressure with concentrated hydrochloric acid, as in the 
conversion of anhydroecgonine into tropidine, but the residue was an intractable tar 
Experience had shown, however, that both the natural amino-acid and its hydrochloride could 
be successfully sublimed without even the loss of optical activity, and so the product was heated 
at low pressure. The colourless sublimate contained a high proportion of ammonium chlornde 
thus preventing the isolation of the organic substance. The solid was therefore dissolved in 
water and the synthetic amino-acid separated from the contaminant by partition 
chromatography side by side with an aqueous solution of baikiain hydrochloride. The 
appearance on development with ninhydrin of a stain indistinguishable in its colour and position 
from the natural amino-acid seemed clearly to show the presence of the identical compound m 
the synthetic product 

The method of purification was then applied to the material obtained when the free 
dicarboxylic amino-acid (XIV) was heated alone or with copper powder, but the quantity of 
distillate was smaller and it required resublimation before the presence of baikiain could be 
shown by the chromatographic method 


EXPERIMENTAL. 


Baihiain.—-(i) The evaporated aqueous extract (5-0 g.) from powdered Rhodesian teak (250 g.), 
= iously extracted with ethanol, was treated for 2 hours with boiling methanol in a —— 
he solution was then concentrated to 20 ¢.c., and on being left overnight at 0° it deposi 
(0-6 g.) as a nearly colourless crystalline powder 


(nu) The powdered wood (2 kg.) was vigorously stirred at room temperature with dilute hydrochloric 
acid (3 1.; 2».) for 6 hours. The liquid obtained by filtration was evaporated under slightly reduced 
pressure on a steam-bath to 300 c.c., the poociggncted phiobaphene removed, and the filtrate, after 
treatment with charcoal, evaporated to dryness he brown semi-solid mass thus obtained gave baikiain 
hydrochloride (20-24 g.) on trituration with methanol. Evaporation of the methanol residue after 
charcoal treatment gave a gummy material (20 g.) which has failed to give any further 
crystalline substance 


(iii) The pepe wood (500 g.) was warmed with water (1 1.) at 70° for 3 hours, and after being 
separated as far as possible from the resulting solution it was agai extracted under the same conditions 
The combined extracts were concentrated by evaporation at mm., and the red solution (1 1.) treated 
with successive quantities of activated alumina until it was practically colourless. Evaporation of the 
solution at low pressure left a semi-solid residue which gave crystalline baikiain (3-0 g.) on trituration 
with methanol, an uncrystallisable gummy product (5-0 g.) was obtained from the methanol 


Bathiain crystallises from methanol in = eens %, m. p. 274° (decomp.) (Found: C, 
56-6; H. 72, N. 10-9. C.H,O,N requires C, : 110%). It is very soluble in water but 
only sparingly soluble in hot or cold ethanol a tanahubte m acetone, ether, benzene. 2 od ethyl acetate 
By chromatographic analysis, using the paper-strip technique with phenol saturated with water as the 
mobile phase and glycine, valine, and phenylalanine as standards, kiain was shown to have an Ry 
value of 0-82. The colour produced on development with ninhydrin was yellow-brown. The optical 
rotatory power of a solution of 0-989 g. in 10 cc. of water in a decimetre tube was — 19-85", giving 
o> * 201-6 

Bathiain hydrochloride obtained as by method (ii) is very soluble in water, and rather more soluble in 
methanol and particularly ethanol than is the free base, it is insoluble in acetone, ether, benzene, and 
ethyl acetate. Crystallised from methanol or ethanol it formed glistening flat-ended prisms, m. p. 264 
(decomp.), ‘a)ff. in aqueous solution 00-1" (Pound: C, 442; H, 64; N. #5. C,H,ON HO) 
requires C, 440: H, 62; N, 86%) 


The preorate was formed on addition of baikiain hydrochloride to saturated aqueous sodium picrate 
It was quite soluble in cold water Ty very soluble in hot water from which it separated as yellow needles 
or plates, m. p. 172—173° (Found: C, 40-6; H, 3-4. C,H,O,N.C,H,O,N, requires C, 40-5; H, 3-4%) 


Baikiain was quite unchanged by ied botled with concentrated hydrochloric acid for 6 hours. The 
action of boiling 40% aqueous sodium hydroxide was followed polarimetrically. Racemisation was 
very slow, being incomplete after 12 hour's heating. No attempt was made to recover any products 
from this reaction 


N-Bensoyibaihiain.-—Baikiain hydrochlorice (20 g . | mol.) in aqueous sodium hydroxide (25 «.« 
2N., 4 mol.) was vigorously shaken with benzoyl! chlorude (2-1 g., 1-2 mols), When the acid chloride had 
disappeared, the solution was filtered from a small amount of flocculent material and acidified (Congo 
red) with hydrochloric acid. Bensoyibath.ain rapidly separated and solidified, and « ised from 
ethyl —S as 0,8 ress Oe 71%), "2: 's 17 179°, (al ~ —91-0° (Found: C, 67-8; H, 5-35 

6 


N62. C,H 75; H N, 61%). It also dissolved in ethanol and acetone, but 
was very ble in ether and in water from which it crystallised in needles 

Attempts to seed baikiain with acetic anhydride were unsuccessful; a vigorous reaction 
occurred on heating which gave brown resinous products. 

Batkiain Methyl E ster_—Baikiain hydrochloride (2-0 g.), dissolved in anhydrous methanol (50 cc) 
saturated with hydrogen chloride, was heated under reflux for 5 hours. The solution was then evaporated 
under reduced pressure and the gummy residue triturated with acetone, giving the methy! ester Aydro- 
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chloride an « coleutiess crystalime solid (1-4 ¢.. 57-54%), m. p. 168° “ooomp,) Crystallisation by 
additios of an equal volume of acetone to its wrx ie etion in yy waine m. p. 164° 
(decomp.) (Found: C. 460; H. 60. N83. C,H,,O.N HCI requires C “3 H 79%) 


The ester hydrochloride (0-06 g.) was suspended in dry benzene (15 ¢.c. resin nchegehta Re 
(2 ¢..) added After 2 hours’ shaking, dry ether (30 «.c.) was added and the ted solid removed 
Practemation of the filt xy the grote boar + ; , 59%), b. p. 110-—112°/15 mm 
(Pound: C. 1; HM, #3. sO, rv ‘ picrate of the base was «aly 
The benaey! derivative tyiatd 03 ) wher owe fog by hoien @ the ester hydrochloride in bothnag toluene 
with bensoy! chlorule, but it was more readily prepared treating an ethereal suspenson of benzoyl- 
baikinin with excess of diazomethane. It is « viscous oil, b 140-145" (air-bath temp.) 6-1 mm 
rapidly terning brown im air, and very readily hydrolysed, li ting benzoic acid (Found: N, 60 
C,H ,,O,% requires N, 5-7%) 





Haitiawn Hydrochloride, Zime Dust Distilation.—The amino-ackt hydra hloride (0-1 g.) was. mixed 
with sinc dust (1 ¢.), and the mixture heated. The evil-emelling distillate. collected in ethanol, was 
treated with excess of saturated alcoholic picric acid, giving 4 copious precipitate (0-1 g., 50%). m. p 
156-150" raised by two crystallaations (charcoal) from ethanol to 163°. For «-picoline picrate several 
values are given in the literature ranging from 163° to 160-171 we found for the picrate prepared 
from pure e-picoline, m. p. 163 The salt obtained from the degradation product was identical in 

slubility and ag peceeeee with the authentic specimen, and the mixed m. p. was 163° (Found N, 17-5 
Cale. for CH N_CHJO.N,) N, 17-46% 


[nhyvdrobattiaw (t-Pipecolimec Acid (i) Baikesin hydrochloride (1 g.) in methanol (0 cx 

ontaiming concentrated hydrochlonec acid (0-5 c.) was shaken ct atmospheric pressure and temperature 
with hydrogen in the presence of platinum (from Adams's platinic oxide,0-05 g.). Uptake of hydrogen 
was complete in 20 minutes, and 135 ¢.«. had been absorbed (calc. 137 c.c.). The filtered solution was 
evaporated to a small bulk and treated with acetone. The crystalline precipitate, crystallised from 
ethanol, then had m. p 256° (decomp). (a)}f 50° (Found . 438; H, 7-4. Cale. for 
CHy,ON HO: C, 435° HW, 72%). Willetatter (loc. cit.) gives m. p. 256-258" for (—)}-pipecolinic acid 
hydrochloride 


(1) Batkiain (1 g.) in methanol (90 cc.) was hydrogenated with Adams's platinum catalyst at room 
temperature and pressure. Uptake of hydrogen (174 cx cak. 177 c.c.) was complete in | hour 
Removal of catalyst and evaporation of the solution to dryness gave a solid giving prisms (0-65 ¢ 
m. p. 268° (decomp.), («)/f 252°, on crystallisation from aoa Mende (loc. cit.) gives for 
()-pipecolinic ac m. p. 270° (decomp.), ‘aiff 34-9; Willst&tter (Joc. csf.), m. p. 264-265", 
ot 24-7". Both the amino-acid and its hydrochloride readily sublimed below 15 mm. without 
decomposition 


N Beusoyidihydrotathiawn.(i) N-Bensoyibaikiain (0-8 g.) was hydrogenated by using Adams's 


atalyst in methanol at room temperature and pressure. After 45 minutes the reaction ceased (uptake 
TS e.c., ale. 77 ¢ ¢,), and after removal of catalyst the solvent was evaporated and the residue crystallised 
from water, forming N tensoyidihydrobaitiain as long needles (0-6 g . 75%), m. p. 145°, (a)f? —72-8 
(Pound: ©, 664 HL. @1) N50 CyH,OWN requires C, 66-9; H, 64, N, 60%) 


(i) Dihydrobaikiam (0-5 g.) dissolved in dilute sodium hydroxide (10 ¢.c., 2x.) was shaken with 
benzoyl chloride (0-55 g., 1-25 mols When the acid chloride had disappeared, the solution was acidified 
and the oily precipitate induced to crystallise by seeding with material from (i) above, giving the 
colourless derivative, m. p. 145° after one crystallisation from water 


Trimethyl N-2-Carboryethylaminomalonate —§-Aminopropionitrile (Org. Synth | 1947, 87.3) (13-2 ¢ 
2 mola.) was treated with methyl bromomalmate (19 ¢., 1 mol), and the very vigorous reaction moderated 
by cooling under the tap. When the reaction had subsided, the semi-solid mass was heated for 
2 hours on the steam-bath, dissolved in methanol (120 c.c.), and saturated with hydrogen chioride 
After 5§ hours’ boiling, separation of ammonium chloride ceased, and the solid was removed and the 
filtrate evaporated on a steam-bath ander reduced pressure. Water (200 c.c.) was added to the residue 
and insoluble matter removed with chloroform, the aqueous layer was separated, basified strongly with 
solid potassiom carbonate, and extracted four times with ether. The dried extract (Na,5O,) on 
listillation gave the friester as a pale-yellow viscous liquid (10-0 ¢.. 45.5%), b. p. 110--112° 0-1 mm 
Found N62 C,H,,O.N requires N, 60% 


The picrate, prepared in dry ether, separated as an wil \ portion in one experiment crystallised, on 
heing kept at ©", in large prisms, m. p. 111 112°. but subsequent attempts failed to yield crystalline 
naterial again 


The pierolonate was prepared in methanol, from which it separated after 2 weeks at 0° as clumps of 
short prams, which after recrystallisation from methanol had m. p. 131-132" (Found: C, 45-8: H, 45 
ef ,OLN CH O,N, requires C, 650; H, 47% 


Damethyl &-(N 4 stenpadinteateabrebtensts A solution of B-aminopropionitrile (10 g., 1 mol.) 
smi methyl chloroacetate (16 g., 1 mol.) in benzene (100 ¢.c.) was heated to boiling for 2) hours. The 
«vent was then evaporated on a steam-bath and the resuiue dissolved in methanol (100 c.c.) saturated 
~ith hydrogen chloride. After 9 hours’ refluxing, ammonium chioride was removed and the solution 

aporated, the product being isolated by shaking the residue with aqueous sodiuin hydroxide (0) ¢ « 
0°) and chloroform. Distillation of the dried chloroform solution gave the dimethyl cater of (VII), 
»p 1O—112° 3mm. (Found: C, 47-7; H, 7-7. C,H,O,N requires C, 48-0: H, 74%). The picrate, 
prepared in anhydrous ether ratel as a gum which solidified after several days at 0 
Recrystallisation from methanol -et of a small volume of methanol gave yellow needles or prisms 
mp. 113° (Pound: N, 130 C,HyO.N.C.H,O,N, requires N, 13-95%). The sparingly soluble 
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jcrolomate crystallised trom methy! ee comme tl a fern-like masses, m p 143-144 (Found 
46-3; HL 48. CH,O.N.C,H,ON, 1043, 48%) 

Meth —— sacl fo thick. yellow leaflets’ mp. 108" ( , acid by standard methods 

e from methanol m thick, leaflets, m 168" (Found: C, 466. H, 49; N, 164 

C,H,,0,8 CHOWN, requires C, 46-5; H, 8; N, 1304). The The picrate was oily 

Trimethy! N-Carboxymethyl- pranpestate (V; R = H).--Whena eS te (3-8 g.. 2 mols.) and 
methyl bromoacetate (1-8 g.. 1 mol.) were mixed the preg ay After 12 hours, the dark 
red solution was poured into dilute hydrochloric acid ye or material was 
removed with ether ; snags of Peateanees uation an tans Cadel te thn aan nae, and the oily 

ipitate extracted thrice with ether. The dried (Na,SO,) extract on distillation gave the friester 
ae. 51%) as an oil, b. p. 120° (air-bath temp.) /-1 mm., lel? = ~11-@ (Pound: C, 465; H, 64. 
C,H,,0.N requires C, 463; H, 65%) 


The prcrate was by mixing ethereal solutions of the ester and picric acid. A sligh rbad 
solution was thus « which deposited crystals on being left overnight at O°. RK 
was accomplished by 4 emp Le he hee Se ee eg ey: Up es 
ether; after a while the salt crystallised in yellow leaflets, m. p. 137° (Found: C, 30-1; H, 346; 
N. 122. C,H,,O.N.C,H,O,N, requires C, H, 3-0; N, 121%). 


The picrolonale was prepared in methanol, trom which it separated slow milky needles, and 
after recrystallisation had m. p. 182° (Found: C, 462; H, 60 CHO x. c sO.LN, requires C, 
45-9; H, &7%) 


Oxidation of Bavkiain, —Excess of ozone was passed into a solution of baikiam hydrochloride (2.0 g ) 
im dilute hydrochioric acid (10 c.« 1%) at O°. Afterwards, hydrogen (5 cx 40 vol.) was 
added, and 3 hours later a few mg. of platinum black, and the whole t. The resulting 
pale-yellow solution, after removal of the platinum, was ¢ ted to y tne at —5°/01 mm. coos 
the last stages of the evaporation the residue became very ok. Methanol (50 c.c.) was added to the 
residue, and the solution saturated with hydrogen chloride and boiled for 4 hours. After evaporation 
nearly to dryness in a vacuum the residue was dissolved in water (40 c.c.), saturated with 
carbonate, and extracted four times with chloroform (total 100 c.c.). Distillation of the extract gave an 
oil (150— 250 mg., 5—8%), b. p. 120° (a-bath temp.) 0-1 mm. 


The quantity of trimethyl (N-carboxymethy!)-t-aspartate present in the distillate varied, but in 
three experiments conversion into the crystalline picrate indicated yields of 80%, | for one of the samples 
of ester was found (af — —®5". The picrate had m. p. 137° alone or mixed with the hetic 
trimethyl (N-carboxymethyl)-t-aspartate picrate. Similarly the picrolonate, m. p. 182°, was 
indistinguishable from that prepared from the synthetic ester (V; RK « Me) 

N-Benzoylbaikiain methyl! ester (2-8 g.) in dry ethyl acetate (20 c.c.) was treated with excess of 
ozone at 0°. The solution was evaporated to dryness at 30° to give a cream-coloured resin which was 
oxidatively decom by cold 5%, aqueous um te added 4 tse until decolorisation 
was slow. After a and ousting ofthe temahane dealin, the toes eutution was acidified 
with sulphur dioxide and extracted four times with ether (total 200 ¢.c.). Evaporation of the solvent 
gave an oi] which was hydrolysed by boiling it with hydrochloric acid (100 c.c.; 15%) for 2 hours. On 
cooling, benzoic acid separated and was removed, and the solution was | ow to dryness 
Esterihcation and further treatment as above gave an oil (200 mg, 7%), p. 120° (air-bath 
temp.) /0-1 mm., yielding the picrate and picrolonate previously obtained. The a of the ester thus 
prepared was inferior to that obtamed from baikiain hydrochloride, and the two derivatives were 
correspondingly more difficult to purify 


Triethyl N-Carboxrymethyl-_-giutamate (VIII; R = H).—Ethyl glutamate hydrochloride (from 25 g 
of glutamic acid) was dissolved in water (100 c.c.) saturated with potassium carbonate and the mixture 
extracted 10 times with ether. The crude ethyl glutamate (19 g., | mol.) obtained by evaporating the 
dried extracts was mixed with acetone (60 c.c.) containing ey og carbonate (13-2 ¢ 
1 mol.) and treated with ethyl bromoacetate (16-8 ¢., 11 c.c., 106 ). The te ature of the 
vigorously shaken mixture rose slowly during | hour to 35", and then fell, and after 12 hours at room 
temperature the solid material was collected and well washed with ether. The filtrate and washings were 
evaporated on the steam-bath under reduced pressure, water (100 c.c.) was added to the residue, and the 
solution made acid ay The small quantity of acid-insoluble material was removed with ether, 
and the aqueous layer i with an excess of potassium carbonate. An oil ated which was 
taken into ether and dried (Na,5O,). Distillation at reduced pressure gave a pabsuiew oil, b. p 
15).-155° 0-4 mm. (18-5 g., 68 based on ethyl glutamate), but satisfactory analyses could not be 
obtained and su vent experiments indicated the presence of non-basic material, presumably the 
corresponding pyrr: formed by elimination of alcohol. When the distilled ester (8-4 g.) was 
dissolved in excess of acetic anhydride (10 g.), the temperature rose to about 40°, and after 2 hours on a 
steam-bath the liquid was distilled, giving the svety! compound (VIII; R = COMe) ty 6 g., 79%), b. p 
145.150° 0-1 mm., as a viscous pale-yellow oil (Found: C, 53-0; H, 74; N, 50 C,,H,,0,8 requires 
C, 54-4; H, 7-6; N, 42%). 


Diethyl = 1-Acetyl-5-hetopi -2 : 4-dicarborylate (IX; R = COMe).The acetyl derivative 
(VIII; R ~ COM) (79 ¢.. mal.) ta dry banenns (9 0.2) cm ethanol (0-25 c..) was added to 
powdered sodium (0-50 g.. 105 mols.) under benzene (50 c.c.). The solution became brown, the 
temperature rose, and h was evolved. After j hour, the mixture was refluxed for 4 hours, by 
which time all the sodium had reacted. The bulk of the solvent was removed on the steam-bath at 

" eae in cold water (100 c.c.), and non-acidic materia! 
<= la was acidified with concentrated hydrochloric 
he extract was washed with cold aqueous sodium 





discarded. 
cold and the pocuipttuted ofl taken ap in cdsteionms, 
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hydrogen carbonate until no further colour was removed. the organic layer was then evaporated to give 
the Acto-ester as a light-brown oil (2-1 g.. 34-7%,) which gave a gummy diautrophen hydrasoor and an 
intense purple colour with aqeeous ferric chlorkte. Decomposition accompanied bulk distillation. a 
small specimen distilled for analysis had b. p. 120-130" (air-bath temp.) 0-1 mm.. and was a clear 
very viscous syrup (Found. C, 53-9. HL 67 CyH ON requires C, 54-7; H, 67%). 
Tresthyl N-Hensoyl-(N-carborymethyl)giutamate (VILL, RK « COPh).—When the crade ester (VIII 

e HM) (17-0 @., | mol.) in dry pyridine (50 «.c.) was treated with benzoyl chloride (9-6 g.. 1-1 mols), 
the temperatare of the mixture rose rapidly, and after § hour om a steam-bath, the red solution was 

yured into water (2) ¢.c.), acidified with hydrochloric acid, and the non-basic oil extracted with ether 
Netillation of the dried extract (Na,5O,) gave the benzoale as a viscous straw-coloured oil (17-8 g., 74% 
b. p. 196°/0-15 mm. (Found: N, 39. C.H,,O.N requires N, 36%). When the distilled material 
(vit R = HM) was used, the desired product was accompanied by a lower-boiling substance, b. p 
«a 1167 02 mm 


Diethyl \-Hensoyl-5-hetopiperidine-2 : 4-dicarboxylat (IX. R « COPh).—-The triester (VIII; R = 
COP) (17-8 g., 1 mol.) containing ethanol (0-25 ¢.c.) was added to powdered sodium (1-2 g., 1-05 mols.) 
under benzene (50 ¢.c.}. Reaction took place at the b. p., with evolution of hydrogen, and after 5 hours’ 
refluxing the sodium had disappeared he solvent was then removed at low pressure and the product 
isolated as in the case of the corresponding acetyl derivative. The Aeto-ester, an orange-coloured oil 
(7-4 49.6%), with an intense purple ferne chloride colour, gave a gummy dinitrophenylhydrazone 
Distillation on a large scale was accompanied by much decomposition, but a small quantity had b. p 
190° (air-bath temp.) Ol mm. (Found: C, 626, H.@3, N.42. C,,H,,O,N requires C, 62-3; H, 61; 
N.41%). Acommon property of the cyclic esters in this series is the possession of a slight but extremely 
offensive and persistent smell only apparent in high dilution, and with an afhnity for wool and leather 


5-Ketopiperidine-2-carborylic Acid (X).-—The above ester (2-7 g.) was refluxed with bydrochloric 
ackd (25 ¢.c., 15%) for 6 hours, by which time all but a small amount of dark oil had passed into solution 
during the mitial ¢ hour o1 heating, evolution of carbon dioxide was observed. On cooling, benzoic acid 
separated and this together with other insoluble impurities was removed by shaking with ether, The 
aqueous resixiae was evaporated to dryness on a steam-bath under reduced pressure, taken up in 
methanol (5 c.c.), and acetone added until the solution became cloudy. On being kept overnight at 0”, 
the keto-acid Aydrochloride separated as rosettes of stout needles. m. p. 142° (decomp.) (yield 1-2 ¢., 
theory 1-43 g.). The quantity of material molated suggested that solvent was present in appreciable 
quantity, and this was confirmed by analysts, which indicated the presence of both acetone and methanol 
of crystallisation, and by the hydrogen uptake of the acetone on quantitative hydrogenation (Found 
C, 442, 460; HL 7-6, 74. C.H,O.N HOLCH,O.C,H,O requires C, 44-6; H, 76%). Removal of the 
solvent by heat led te decomposition of the material 


The dimstrophenyihydrasone hydrochloride was prepared by bowling the crude keto-acid hydrochloride 
(which had not been treated with acetone) with 2 4-dinitrophenylhydrazine in ethanol. The derivative 
separated as a microcrystalline powder, very sparingly soluble in alcohol, and was purified by dissolution 
im @ large volume of methanol from which it separated on evaporation to a small bulk as an orange 
powder, m. p. 103° (decomp.) (Found C, 40-5, H. 41. C,,H,,O,N,. HCI requires C, 40-1; H, 3-0%,) 


5- Hydroxypiperidine-2-carboryliic Acid (X1).-The recrystallised ketone hydrochloride (1 ¢.), 
dissolved in methanol (50 ¢.c.), was shaken with hydrogen at room temperature and pressure over 
Adams's platinum catalyst (01 ¢.) Uptake of hydrogen was rapid at first but was not complete in 
under 3 hours (absorption 165 c.c., cake. 166-3 ¢« After removal of the catalyst, evaporation of the 
solvent gave the Aydrory-Avdrochioride as a dry crystalline solid (0-62 g.. 92%) (in a subsequent 
experment in which hydrogenation was slower the product at this stage was of waxy consistency), very 
slowly separating from methanol-acetone in microscopic leaflets, m. p. 240° (decomp.) (Found C, 
402, HL 67, N, 72. C,H,,O,N,HCI requires C, 307; H, 6-7; N, 77%) 

Attempts to dehydrate this material to an unsaturated compound by various methods, ¢.¢., treatment 
with thionyl chloride m pyridine or dimethylaniline, heating it with ape hydrogen sulphate, and 
warming it with syrupy phosphoric acid, were unsuccessful. Similar experiments on the |-benzoyl 
methy! ester were also unavailing 


Duethy! |. Bensoyl-5-hydroxypiperidine-2 : 4-dicarboxylate (X11).—The keto-ester (IX; R = COPh) 
(12-4 g.) tm ethanol (150 ¢.c.) was hydrogenated at 120—130° 140 atms. for 2 hours, Raney nickel (2 g.) 
catalyst being used After removal of the catalyst and solvent, the alechol (X11j (11 ¢), which was free 
from ketone (absence of ferric chloride colour), was a very pale-yellow hygroscopic ail. On a ‘small scale 
it could be distilled without appreciable decomposition at 200-210" (air-bath temp.) 0-1 mm., as a 
nearly colourless gum with a slight green fluorescence (Found: C, 624; H, 69. C,,H,O,N requires 
c.619, HH, é@6% When cold the viscosity of this substance was such that it could only with difficulty 
be dented with a glass rod 


Diethy! w-\-Bensoyl-1 2 3: 6-tetrahydropyridine-2  4-dicarborylate (XIL The above alcohol 
(X01) (3 g.) was treated at 10° in pyridine or dimethylaniline (2 c.c.) with thionyl chloride (2 g.) 
The solution became very dark, and after | hour at O° and then at 100°, the resultant thick tarry mass 
was treated with water (25 ¢.c.) and extracted with ether The extract was washed with dilute hydro- 
chloric acid, aqueous sxliom carbonate, and finally water. The red ether solution so obtained was 
dried (Na,SO,) and evaporated to give a dark-red viscous oil (2-5 g., 87-8%), freely soluble in ether in 
contrast to (Arp which was only very sparingly soluble in this solvent. Distillation, which was 
accompanied by —_ —~T gave an orange-coloured hygroscopic, very viscous oil, b. p. 190° (air- 
bath temp.) 0-1 mm. (Found: N, 46. C,,H,,O,N requires N, 42% 

Attempted dehydration of (NII) by heating it with potassum hydrogen sulphate was unsuccessful, 
unc hanged substance being recovered 
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u-l 2:3: 6 Tetrahydropyridine-2 : 4-dicarborylic Acid (X1V).---() The ester (X11) (2-1 g.) at 180-200 
was treated with a stream of dry hydrogen chloride for 2 hours (cf. McE}vain and Stork, /oc. cot). After 
cooling, the resinous product was hydrolysed with bodling hydrochloric acid (Mcc., 15%) 3 hours 
Non-basic material and benzoic acid were removed with ether, and on ye the aquecMis solution 
a brown gum was obtained which slowly solidified at @° under acetone. maternal so obtained was 
dificult to purify, but the amino-acid hydrochloride identical with that from (u) below was obtamed 
wm small yreld (0-35 g., 27%) by recrystallisation from methanol-acetone 

(u) The unsaturated diester (XIII) (2 g.) was refluxed with hydrochloric acid (0 c.c.; 15%) for 
4 hours, by which time all but a small quantity of material had passed into solution. On cooling, 
benzoic ackl separated and this together with other non-basic material was removed with ether 
Evaporation of the aqueous layer gave a light-brown gum which solidified on trituration with acetone 
giving the amino-acid Aydrochloride as a crystalline solid (0-9 ¢.. 72%). This was recrystallised only 
with difhculty and with poor recovery from methanal-acetone in nearly colourless rosettes of small 
prisms, m. p. 241° (decomp.) (Found. ©, 409; H, 51; N, 65. C,H,N.MCI requires C, 40-4, H, 48; 
N, 6-75%) 

The tetrahvdropyridinedscarbosylic acid was obtained by treatment of the hydrochlonde in aqueous 
solution with a small excess of silvér carbonate. Evaporation of the aqueous layer from which silver 
chioride and excess of carbonate had been removed. gave a solid which crystallised well from a little 
water in long prisms, m. p. 256" (decomp.) (Found: N, #4. C,HyO,N requires N, #24) 

Attempted decarboxylation by — uinoline containing copper powder, or by dropping the acid 
into boiling diphenyl! ether was unsuccessfu 

L-1: 2:3: 6-Tetrahydropyridine-2-carboxylie Acid (Baikiam) (111).--(i) The hydrochloride of the 
tetrahydropyndinedicarboxylic acid (XIV) was heated in a sealed tube with concentrated hydrochlorx 
acid at 180-190" for 3 hours. The brown solution was evaporated and the tarry residue heated at 
2 05 mm. A small subi te was obtained which was largely ammomum chloride, but when 
subjected to partition chromatography on a paper strip, phenol saturated with water being used as the 
mobile phase, the sublimate gave on development with ambydrin a spot identical in position and 
aupepense with that shown by baikiain hydrochloride run as a standard on the same paper The acid 
(XIV) gave a characteristic orange-coloured spot with ninhydrin, quite distinct from that given by 
baikiain 


(ii) Pyrolysis at 250°°05 mm. of the amino-acid (XIV) alone and mixed with copper bronze 
resulted in decomposition with the formation of a sublimate mainly of a tarry nature. However, careful 
resublimation revealed the presence of a minute amount of solid material in which the presence of 
baikiain was shown by partition chromatography 
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710. Entropies of Vaporization, and Internal Order in Liquids. 


By L. A. K. Staverey and W. |. Turpman 


For each of 53 liquids, the entropy of vaporization is estimated over as wile a range 
of temperature as possible up to the normal boiling point. These entropy changes are 
compared according to Hildebrand’s rule, and the alternative method of comparison 
suggested by Pitzer is briefly discussed. The liquids are classified according to the 
geometrical or chemical character of their molecules. A plot of —7 of vaporization 
against a convenient measure of the molar volume of the vapour for the class of liquids 
having monatomic or highly symmetrical molecules is used to establish empirically a 
reference curve, representing the lowest possible values of the vaporization entropy. The 
vaporization entropies of the other liquids are considered in relation to this reference curve 
An attempt is made to int et the excess entropy over the values furnished by the 
reference curve in terms of the degree of order in the liquids and the extent to which molecular 
rotation therein is inhibited, making qualitative use of Pitzer's analysis of the thermodynami 
properties of restricted rotators. Among the molecular properties whose effect on the order and 
restriction of rotation are considered are the moment of inertia, i length of the 
carbon chain in paraffins, and the presence in such a chain of double bonds. It is stressed that 
the influence of polarity must be considered in conjunction with molecular size. 


In connection with an investigation recently carried out in this laboratory into some thermo- 
dynamic properties of binary liquid mixtures, it was desirable to obtain as much information as 
possible about order in pure liquids and about the variation of this order with temperature 
This we have attempted to do from a consideration of entropies of vaporization. In 1915, 
Hildebrand (J. Amer. Chem. Soc., 37, 970) enunciated his well-known modification of 
‘ Trouton's rule, that the entropies of vaporization, AS, of different liquids are more nearly 
constant when compared at such temperatures that the molar volume of the saturated vapour is 
the same, than when the comparison is made at their b. p.s. Later (J. Chem. Physics, 1939, 7, 
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233), he pointed out that the values of AS for different liquids when compared on this basis still 
do not agree exactly, and he suggested that the differences between them can be related to the 
mternal order which these liquids might reasonably be expected to possess in virtue of the shape, 
polarity, and other characteristics of ther molecules. More recently, Halford (shid, 1940, 8, 496) 
has suggested that differences in vaporization entropies, compared according to Hildebrand’s rule, 
can be correlated with the exteat to which molecular rotation is restricted. Pitzer (ibid, ; 
7, 583) has considered the problem of the comparison of vaporization entropies from a more 
fundamental standpomt, and has concluded that the comparison should be made at a constant 
ratio of vapour volume to liquid volume. If this is correct, Hildebrand’s rule is only strictly 
applicable to a group of substances with identical molar volumes in the liquid state 

There now exist numerous data, mostly determined for the purpose of evaluating calorimetric 
entropies, from which the vaporization entropies of a wide variety of liquids can be calculated 
accurately over a range of temperature. This we have done for 53 liquids over as wide a temper- 
ature range as possible up to the norma! b. p.s, using for each liquid one or more of the following 
methods 

(4) From a value of L, the molar heat of evaporation, directly determined at any one temper- 
ature (usually at or near the normal b. p.), and the formula 


dL : L T sav), ~ 
=m Co — Cy + i ; 
oe... iL av ar ) J 
To evaluate the term in square brackets the Berthelot equation was used, and AV was 
assumed to be equal to the molar volume of the vapour since this is very much larger than 
that of the liquid. Experimental values of C,, were used. C),, the molar heat capacity of the 
vapour at vanishingly small pressures, was usually calculated from the intramolecular vibration 
frequencies. C,, is the molar heat capacity of the vapour at the saturation vapour pressure p, 
and the difference C,, — Cy, was estimated by using the Berthelot equation, according to which it 
is SIRPT/32p,7*, p, and T, being respectively the critical pressure and temperature. When 
accurate compressibility data for a gas at low pressures are available, it can be shown that use of 
the Berthelot equation tends to overestimate the quantity C,, — C;,, which makes the values of 
L. at temperatures well below that of the direct determination rather too high. For a few 
substances, there exist directly determined values of the gaseous heat capacity at temperatures 
below the normal b. p 
(6) From accurate vapour-pressure data and the Clapevron-Clausius equation, from which 


AS = 2-026 “ ~ene (pV, — pV) 
pV, was evaluated by using the Berthelot equation. As is well known, the effect of the 
imperfection of the vapour is rather large near the b. p.,, and as estimated by the Berthelot 
equation may give rise to errors in L and AS of lor 2%. The lower the temperature, however, 
the smaller the correction, so that with sufficiently accurate vapour-pressure data the error in 
the values of AS estimated in this way diminishes as the temperature drops. Wherever possit‘e, 
we have derived values of AS by both methods (a) and (6), in the belief that the first method gives 
more accurate values near the b. p., while the second is superior at lower temperatures. Usually 
the values obtained by the two methods differed by less than 1%. Sometimes, ¢¢., for the 
higher paraffins, lack of a direct value of L or of the data necessary for the evaluation of C), 
made (b) the only possible method 

(c) For a few substances, directly determined values of L at more than one temperature are 
available, leading to an empirical relation between L and 7 

For most substances, the facts required for the estimation of the vaporization entropies have 
been taken from papers published within the last 20 years giving the experimental! data necessary 
for the evaluation of calorimetric entropies. In particular, considerable use has been made of 
the work of W. F. Giauque and of |. G. Aston and their collaborators (published in the /. Amer 
Chem. Soc.), and of K. Chusius and his co-workers (published in the Z. paysihal. Chem.) 

Finally, all values of AS have, for uniformity, been corrected by means of the Berthelot 
equation so as to become the entropy increase if the vapour of the liquid were a perfect gas; 1.¢.,to 


7 ‘ 
the values of L./T have been added the quantity 4 ri (ts 
vaporization of different liquids at a fixed vapour molar volume, we have assumed the vapours 
to be perfect gases and have taken the ratio »/T as the measure of their molar volumes, where p 


5 
) In comparing the entropies of 
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is the vapour pressure in mm. (The actual molar volume in c.c. is then 624 x 107 /p.) In 
Bo case has a liquid been considered above its norma! b. p. 

We shall now present and discuss the vaporization entropies of 63 liquids, which for con- 
vemence have been grouped into the following classes 

oes Substances with monatomic of very symmetrical molecules : mercury, argon, krypton, 

, methane, germane, neopentane, tetramethylslane, carbon tetrachloride. 

eee Substances with diatomic or linear molecules: (i) Diatomic molecules: chiorine, 
oxygen, nitrogen, carbon monoxide, hydrogen chloride, bromide, and iodide, nitric oxide. 
We shal! also include in this group methy! chioride and bromide as quasi-diatomic molecules. 
(ti) Polyatomic linear melecules . carbon disulphide, carbon oxysulphide, cyanogen, dimethyl- 
acetylene. 

(3) Substances with triangular or quasi-triangular molecules (excluding water): hydrogen 
sulphide, sulphur dioxide, dimethy! ether, dime ‘hy! sulphide. 

(4) Substances with pyramidal or quasi-pyramidal molecules: ammonia, phosphine, 
mono-, di-, and tri-methylamine 

(5) Aliphatic hydrocarbons: (i) Normal paraffins up to octane, and also w-decane. (ii) 
Branched-chain paraffins: isobutane, isopentane, 2: 2-dimethyibutane. (iii) Unsaturated 
hydrocarbons: ethylene, propylene, but-l-ene. 

(6) Substances with cyclic molecules : cyclopropane, cyclopentane, « yclohexane, benzene 

(7) Hydroxylic substances: water, methanol, ethanoi 

Class (1) (Monatomic or Highly Symmetrical Molecuies).—1n a consideration of the AS values 
of a group of liquids at one fixed p/T value, Hildebrand pointed out that the substances with the 
lowest values were mercury and neopentane, t.¢., the liquids with the most symmetrical molecules, 
in which the order should be a minimum. The substances for class (1) were selected with the 
object of examining the possibility of constructing empirically a basic or reference entropy of 
vaporization curve. On Hildebrand’s rule, this would be a curve of AS against some measure 
of the vapour molar volume: on the basis of Pitzer's considerations, a plot of AS against the 
ratio of vapour to liquid volume. Values of AS for liquids of this class are plotted against 
logy (10°p /T) in Fig. 1. The choice of the logarithm of our measure of the molar vapour volume 
is simply a matter of convenience. The SS values for any one substance then fall on a gentile 
curve, whereas if they are plotted against p/7 itself the curve rises very steeply at low p/T 
values. Except for the points for tetramethylsilane and carbon tetrachloride at low temper- 
atures (1.¢., at low p/T values), which we shall shortly consider separately, a curve can be drawn 
in Fig. 1 such that no point lies more than ~1 e.u. from the curve, and most are much closer to it. 

If, however, the same AS values are plotted against the ratio of the molar volume of the 
vapour to that of the liquid (or against the logarithm of this ratio), the curves for the)several 
substances are now much more widely dispersed, or in other words, the cx jlerable measure of 
uniformity shown in Fig. 1 is largely destroyed simply by the introduction of the molar volume 
of the liquid. One of the five assumptions on which Pitzer’s reasoning was based was that the 
potential energy of a pair of molecules in the liquid is given by the expression A¢(R/K,), where 
A and KR, are constants for any one substance, 2 is the intermolecular separation, and da 
universal function. As Halford (Joc. cif.) has pointed out, in an elaboration of a suggestion made 
by Pitzer himself, this postulate cannot hold for polyatomic molecules for which the inter- 
molecular potential! energy largely depends on the interaction between the peripheral atoms, and 
if this factor were taken into account, Pitzer’s reasoning would, for such substances, lead to 
something very much like Hildebrand’s rule. It cannot be denied that when AS values for poly- 
atomic liquids are compared on the basis suggested by Pitzer, they often stand in a relationship 
which is surprising when the chemical nature of the substances concerned is borne in 
mind. Thus, ethyl and butyl acetates have to be ascribed higher AS values (i.¢., are to be 
regarded as considerably more ordered in the liquid state) than water and ammonia. For the 
hydrogen halides, the order of decreasing AS would be ASgs, > ASgq >> ASgy, whereas the 
order which we should expect from the dipole moments, and which in fact is given by 
Hildebrand's rule, is ASgq > ASgp, > ASg,. Again, according to Pitzer, hydrogen chloride 
has considerably lower AS values than neopentane, in spite of the fact that the molecule of the 
latter substance is a compact, non-polar molecule of high symmetry, whereas hydrogen chloride 
is strongly polar and from spectroscopic evidence (Lee, Sutherland, and Wu, Proc. Roy. Soc., 
1940, A, 176, 493) appears to be associated in the liquid state. We shall therefore, without 
further justification, carry out our comparison of vaporization entropies according to 
Hildebrand’s rule, rr tenant anata ine mnt hie ate b poy Repent 


in terms of different degrees of internal order or of restriction of molecular rotation. We may 
10x 
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add that we shall not, as a rule, attempt to distinguish clearly between order and restriction of 
molecular rotation, since the two may be closely related. Hindrance to molecular rotation 
implies a potential barrier, which can arise from the tendency of the molecules to adopt certain 
preferred orientations with respect to each other under the influence of the intermolecular forces, 
which in turn means that there is some molecular ordering 

The curve in Fig. 1 has been drawn so that none of the points lies appreciably below it, and this 
curve, which we shall refer to as the reference curve, will be taken as giving empirically the lowest 
possible values of the entropy of vaporization at different /T values. At low p/T values this 
curve admittedly depends entirely on the points fer mercury, and it may be, for the reasons 
which Pitzer has, given, that the fact that the entropy values for this metal do join on fairly 
smoothly to those for germane is fortuitous (in the sense that it arises from the mutual cancel- 
lation of two opposing, unconsidered factors), and that metals should be considered apagt from 


Fic. | 
Variation of the entropy of vaporization, AS, with 
the logarithe of the quantity 10 p/T for 
substances with monatomic ov highly sym - 
metrical molecules. (AS is in calories per mole Fis, 2. 
per degree: p ts the vapour pressure in mm. at Variation of AS for substances with non-polar 
T, “w.) The cuowe ts the so-called reference diatomic molecules. The dotted line is the ve 
curve ference curve of Fig. 1 
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vubetances where the intermolecular forces are wholly of the van der Waals type. However, 
many of the conclusions we shall draw do not depend on the exact position of the reference curve 
at low pT values 














As regards the individual substances im class (1), the points for the inert gases lie above the 
i@ference curve, argon showing the greatest divergency and xenon the least. For these 
substances (iiquid at normal pressure over a range of only a few degrees) the agreement between 
the entropies when compared according to Pitzer’s scheme is undoubtedly better. For the 

ther substances it will be seen that if 4(.45S) is the amount by which the actual entropy of vapor 
zation exceeds the valye on the reference curve for the same p 7 value, then 4(AS) tends to 
become greater the lower the temperature (i ¢, the smaller the p/T value). We shall see that 
this tendency is a general one, and we regard it as demonstrating that the internal order in a 
liqual becomes more pronounced, or the molecular rotation more restricted, the lower the 
temperature For tetramethylsilane and carbon tetrachloride at low temperatures the quantity 
345) appears to be quite large (cf the points for these substances with those for germane at 
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lower p T values). In tetramethyisilane, there is little doubt that there » considerable molecular 
imterlocking, which will umpede free rotation, but to a lesser degree as the temperature rises and 
the liquid expands. Such interlocking would be expected to be less for methane and germane, 
which are more compact molecules than tetramethylsilane, and indeed for methane it seems that 
the molecules have considerable rotational freedom even in the solid state (Eucken and Veith, 
Z. physikal. Chem., 1936, B, 34, 275; 1937, B, 38, 393; Bitter, Alpert, Poss, Lehr, and Lin, 
Physical Rev., 1947, 71, 738). This is presumably why the values of (AS) for methane and 
germane near their m. p.s are smaller than for tetramethyisilane and carbon tetrachlornde 

Class (2) (Diatomic and Linear Molecules).-In Fig. 2, AS is plotted against log,, (1p/T) 
tor the non-polar diatomic molecules chiorine, oxygen, and nitrogen, and for carbon monoxide 
(which has an almost zero moment). The pomts conform closely to a single curve, which lies 
about 2 e.u. above the reference curve. (This is to be contrasted with the points for substances 
like germane, methane, and tetramethylsilane, where the individual curves tend to run into the 
reference curve at bigher temperatures.) This suggests that molecular rotation in these liquids 
is considerably restricted, and that the hindrance to rotation is about equally effective in all four 
of them. There is no evidence of any abnormality in the vaporization entropy of oxygen which 
might be attributed to the formation of O, molecules. 

We may conveniently use the curve in Fig. 2 as an arbitrary basi for the comparison of the 
vaporization entropies of the remaining substances of this class. AS values for these at selected 
values of log, (10°p/T) are given in Table I, together with the corresponding values from the 
curve of Fig. 2 and from the reference curve. The very large AS values for nitric oxide are, of 
course, attributable primarily to its association, probably to N,O,, in the liquid state. Of the 
hydrogen halides, the chloride has the largest values of AS. This is to be expected, since this 
molecule has not only the highest dipole moment of the three, but also the smallest halogen atom, 
permitting closest uttermolecular approach. Since the interaction energy between two fixed 
dipoles of equal moment depends on the square of this moment and inversely on the cube of their 
distance apart, the extent to which polarity causes molecular orientation and hence inhibits 
rotation will rapidly diminish as we pass from the chloride to the bromide and then to the iodide 
For hydrogen chloride the AS values are in fact appreciably higher than for the non-polar 
substances with diatomic molecules, whereas for hydrogen iodide they are less, The dipole 
moment of hydrogen iodide is small, and the moment of inertia of the molecule is less than those 
of the homopolar diatomic molecules we have considered. Pitzer's theoretical treatment of 
restricted rotators (/. Chem. Physics, 1937, 6, 469) has shown that the amount by which the 
entropy for the free rotators exceeds that for the restricted rotators becomes less as both V /AT 
and /V decrease (where V is the height of the potential barrier restricting rotation and J is the 
moment of inertia). For hydrogen iodide the small values of ] combined with the low polarity 
(and hence smal! V) may account for the low AS values, which suggest that molecules in this 
liquid enjoy a greater measure of rotational freedom than do those of, say, liquid chlorine 


Taare I. 
AS for certain substances of Class (2) 


(In this and all other tables, AS is the entropy of vaporization in calories per mole per degree, and 
f is the vapour pressure in mm. at the absolute temperature T.) 


Values of AS for various values of log, (10%/T) 
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ae AS for non-polar ¢ diatomu substances | : 24.05 22-75 
curve ...... 22-1 20-85 


The AS values for methy! chloride and methy! bromide lie very near the curve for the non- 
polar diatomic molecules at all p/T values. This is to be expected, since there would be 
relatively little restriction of rotation about the carbon—halogen axes compared with that of 
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about the remaiming two axes. Again, the more polar molecule (methy! chloride) has 

SS values, but since there is comparatively little difference between the dipole 

of the two, the differences in AS may be partly due to the increased size of the halogen 

in the bromide, with its corresponding reduction in the closeness of approach of 
bournng molecules and hence in their onentating influence on one another. 

Of the compounds with polyatomic linear molecules, carbon disulphide has low values of AS, 
which lie nearer to the reference curve than to the curve for the non-polar diatomic substances. 
This is perhaps surprising : there is, for example, evidence from the Kerr effect that the rotation 
of the molecules in the liquid is hindered (Debye, Chem. Reviews, 1936, 19, 171). For carbon 
oxysulphide, which is polar, AS values are about one unit higher than for carbon disulphide, and 
approach tairly closely to the figures for the non-polar diatomic molecules, while these are slightly 
exceeded by the values of AS for dimethylacetylene. For cyanogen, 44S) is greater. The 
reason for this may be that, although non-polar as a whole, the cyanogen molecule contains two 
polar bonds (cf. the larger SS of tetranitromethane than of carbon tetrachloride, as pointed out 
by Hildebrand (loc. cst., 1939)) 

Class (3) (Triangular or Quasi-triangular Molecules).—O1 these four substances, sulphur 
dioxide shows the largest AS values (Table 11), The quantity 4(.45) increases as the temperature 
falls, and is perhaps larger than would be expected for a molecule of the size and polarity of 
sulphur dioxide (cf. the figures for dimethy! sulphide). It may be that some more specific form 
of association is involved here. AS values for hydrogen sulphide, though smaller than those of 
sulphur dioxide, are greater than those for non-polar diatomic molecules and also for dimethy! 
sulphide. Since the mean moment of inertia of the hydrogen sulphide moletules is small, this 
appears to indica\e a considerable restraint on their rotational movement (1.¢., a high V), and 
the comparison with dimethyl sulphide emphasizes once more that, in its bearing on association in 
polar Liquids, the size of the molecule and the relation of this to the intermolecular separation is 
quite as important as the magnitude of the dipole moment. The replacement of the oxygen atom 
ta dimethy! ether by the larger sulphur atom likewise reduces 4S, even though the dipole moment 
and the moment of inertia are thereby slightly increased 


Taste Il 
AS for substances of class (3) and class (4). 
Values of SS for various valocs Values of AS for various values 
of log (10° /T) of log ye (10"p/T) 
26 3. a 2. 2-5. \. 35. 
26-12 NH, - wO- , 23-35 
24-85 PH, - 19-82 
23-72 NH Me 33.95 " 
24.35 2 NHMe, : 
NMe, 32 
22 1 
Class (4) (Pyramidal or Quasi-pyramidal Molecules).—-AS values tor these substances (Table 11) 
demonstrate the well-known fact that ammonia and primary and secondary amines show con- 
siderable association in the liquid state, in contrast to tertiary amines and phosphine. The 
values for phosphine he close to the reference curve, and are much the same as those for hydrogen 
iodide. The reason for this may also be that the low polarity of the molecule coupled with its 
small moment of inertia combine to give the molecules considerable rotational freedom in the 
liquid. With trimethylamine the dipole moment is smali, and moreover the dipole is screened 
by the methy! groups. The values of AS for this substance suggest that there is little if any 
molecular ordering or restriction on rotation arising from permanent dipole-dipole interaction 
Rather does the trend of AS in relation to the reference curve recall the behaviour of tetra- 
methylsilane, suggesting that the excess entropy of vaporization at low temperatures is derived 
mainly from the inhibition of molecular rotation due to steric interaction between the methyl 
groups (i.¢., to dispersion forces of attraction and short-range repulsive forces). It is noteworthy 
that whereas the interaction energy between fixed permanent dipoies is proportional to R“, 
that due to dispersion forces varies as K*. Consequently, a given proportional increase in 2, 
due to the expansion of the liquid on heating, will cause a more rapid drop in potential barrier 
height when this is controlled by dispersion forces than when it depends mainly on dipole 
dipole interaction. Halford (Joc. et) has attempted to relate AS with the degree of restriction 
of molecular rotation as given by the ratio of the calculated molar volume of the “ free covalent 





[1950) Vaporization, and Internal Order in Liquids. 3603 


rotator " to the actual molar volume of the hquid. From the curve im his paper which represents 
this relationship, it would be possible for a 10% change m the molar volume to alter AS by as 
much as ~le.u. (For the average organic liquid, a temperature change of ~80-—100° causes 
such an alteration in volume.) It is of imterest that the raées at which AS drops with increasing 
?/T values are in the order NHMe, > NH,Me > NH, For ammonia, the molecular ordering 
and consequent restriction on rotation must depend largely on the permanent dipole-dipole 
interaction. For mono-and dianethylamine it will also arise from the steric effects associated 
with the methyl! groups, but in the light of what has just been said the contribution from the 
latter source should decrease relatively more rapidly with rising temperature 

Class (5) (Aliphatic Hydrocarbons).—(i) Normal paraffins in evaluating AS, use has been 
made of the very accurate measurements of the vapour pressures of hydrocarbons recently 
carried out by Willingham, Taylor, Pignoceo, and Rossini (J. Nes. Nat. Bur. Stand., 1946, 35, 219). 
Entropies of vaporization at two ¢/T values are recorded in Table I11, together with the corre- 
sponding temperatures. The b. p.s are also given for comparison. 

The AS values show an interesting trend. As the number of carbon atoms in the molecule 
increases, they first fall, but then increase. This rise in AS with increasing chain length is to be 
expected. It reflects the growing internal order in the liquid and the greater restriction on 
molecular rotation which arises from the increasing tendency of the chains to align themselves 
parallel to one another. The lower the temperature, the less will thermal agitation interfere 
with the tendency. The rise in AS with increasing molecular weight is therefore more pronounced 
at the lower »/T value than the upper (cf, ¢.g., the two sets of values for pentane and dodecane). 
Even at the higher p/T value, however, the effect is still apparent, that is at temperatures which, 
for the higher hydrocarbons, are near their normal b. p.s 

The drop in AS for the early members of the series may perhaps arise as follows. Whereas 
the molecule of ethane is like a dumb-bell, with propane rotation about C-C bonds makes the 
existence of different molecular configurations possible. With the hydrocarbons from butane 
onwards, the possibility of different configurations rapidly multiplies, and the distance between 
carbon atoms separated by two or more atoms can now vary over a considerable range. Table 
III shows that at the higher p/T value AS falls until pentane is reached. It is suggested that 
this is due to increased disorder in the liquids as the chain becomes longer, owing to the increasing 
possibility of the existence of the molecules in a variety of configurations, which will militate 
against ordered packing. This will operate against the tendency of the chains to align themselves 
parallel to one another, but if this latter effect increases relatively more rapidly with increasing 
chain length, it will eventually gain the upper hand and so give rise to increasing values of AS. 
It then follows naturally that the minimum in the AS values should be reached at a hydrocarbon 
with a smaller number of carbon atoms, the weaker the thermal agitation and hence the lower 
the temperature. It will be seen from Table III that, at the lower p/7 value, propane in fact 
has the lowest value of AS. Admittedly, the differences between the entropies of vaporization 
of the first four hydrogarbons in the table are small, but we shall see later that a similar state of 
affairs appears to prevail for a series of unsaturated hydrocarbons 
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AS for normal paraffins 


Dodecane 
Reference curve 


(i) Branched-chain hydrocarbons. in Table 1V the AS values of some straight- and branched- 
chain paraffins are compared. These illustrate a fact to which Hildebrand has already drawn 
attention, namely, that a branched-chain hydrocarbon has a smaller AS for a given vapour 
molar volume than the straight-chain isomer. The data in Table IV suggest, moreover, that 
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AS tor a branched-chain paraffin is less than that for the sorma/ paraffin with as many carbon 
atoms as there are in the straight-chain part ui the branched-chain hydrocarbon, since AS for 
isobutane is less than that for propane, and AS for isopentane and 2 : 2-dimethylbutane is less 
than that for butane. The lowest AS values for the substances considered are shown by that 
with the most svmmetrical molecule, namely, 2 : 2-dimethyibutane 


Taste IV 
S35 for Aydrocarbons of class (5), (ii) and (iii) 


Values of SS tor various values of log,, (10*p/ 7). 
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(ui) Unsaturated Aydrocarbens. Simee the introduction of a double bond into a carbon chain 
increases its ngidity, an unsaturated molecule is capable of less vanety in its configurations than 
the paraffin with the same number of carbon atoms. The decrease in molecular flexibility which 
accompanies the introduction of a double bond should favour a more ordered packing in the 
liquid. It will be seen from Table IV that the unsaturated hydrocarbons have, in fact, con- 
sistently higher AS values than the corresponding paraffins. The highest vaporization entropies 
are shown by dimethylacetylene, which, of those substances whose molecules contain three or 
four carbon atoms, is the only one with a linear molecule. The data in Yable IV also give some 
indication that in a series of uasaturated hydrocarbons the variation of AS with chain length 
has a similar dependence on p/T, and hence on temperature, to that which, as already pointed 
out, obtains for the normal paraffins; for, while at the highest p T value, the order is 

BSan, > ASan, > OSan, 
yet propylene has the lowest value of AS when log,, (1p/7) ws 2-5 

Class (6) (Cyelse Molecules) —All of these substances are non-polar, but while the molecules 
of eyclopropane and benzene are planar and that of cyclopentane almost so, the cyclohexane 
molecule ts not It is interesting to observe that this has a notweable effect on the trend of 
the b. ps of the cycloparafiins. The increment in the b. p, AZ», per CH, group has the 
following values for the ascent of the series: Cy -C,, 44:3; Co>Cy, 37°83; Cy>C,, 315; 
Ce>C,, 38; Cy>C,y, This is in contrast to the normal paraffins, where the values of 
AT, decrease smoothly as the series is ascended, and it seems as if the b. p. of cyclohexane, 
by comparison with that of its predecessors, is somewhat low. As regards vaporization 
entropies, we should expect that the molecules of benzene, cyclopropane, and cyclopentane, 
being flat, would experience little hindrance to rotation in the plane of the ring, but 
considerable restriction to rotation about the remaining two axes, and that these liquids would 
therefore have AS values roughly the same as for substances with non-polar diatomic molecules 
In cyclohexane, with its buckled molecule, there should be less hindrance to three-dimensional 
rotation, so that we might expect that the AS values for this substance would be rather lower. 
These predictions are, im fact, sapported by the experimental AS values (Table V). There is, 
unfortunately, some uncertainty about the figures for cyclopentane. Those given in Table V 
depend on the application of method (a) to the data of Aston, Fink, and Schumann (/. Amer 
Chem. Soc, 1943, 65, 341), who determined L at ~25° [very near to the temperature corre- 
ponding to log,, (10*p/T) « 3 The value of AS calculated in this way for the normal b. p. is, 
however, ~04 ¢.u. higher than that obtained from a later direct determination of L at the b. p 
(Spitzer and Pitzer, ibid., 1946, 68, 2537). The figures given for cyelopentane may therefore be 
somewhat too high Fortunately, for cyclohexane there is excellent agreement between different 
observers’ data. Thus, at the bxp , direct determinations of L give for AS, 20°51 (Mathews, iid., 
1926, 48, 562) and 20°46 (Spitzer und Pitzer, loc. cit.), while the application of method (6) to the 
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vapour-pressure data of Willingham ef ai. (loc. ett.) gives 20°42. The figures for benzene should 
also be very reliable, as they depend on direct determinations of 1 at different temperatures 
(Fiock, Ginnings, and Holton, J. Res. Nat. Bur. Stand., 1931, 6, 881). Thus, in spite of the 
uncertainty in the figures for cyclepentane, it does seem that of the three eycloparaffins, cyclo- 
hexane has the lowest AS values, and that these are moreover definitely less than those for 
beazene, even though the f. ps, b. ps, and critical temperatures of these two liquids are almost 
the same. 


Taste V 
AS for substances of classes (6) and (7 
Values of SS for various valnes Values of AS for various values 
of log ye (10% /T) of log ye (10*p/T). 
25 3 
cycloPropane 27 : ; 0-78 8627 
eycloPentane , . f 3258 201 
Hexane > 31450 28 16 
Reference curve 281 


Class (7) (Hydroxylic Substances).—-SS values fot water, methanol, and ethanol ave recorded 
in Table V. In deriving these, the correction for vaporization to the ileal gaseous state was 
applied, as usual, by means of the Berthelot equation. As the vapours of these substances are 
associated to a small extent into dimers and probably higher polymers, a further correction to 
the AS values should be made to take account of this association. This additional correction 
cannot be accurately assessed for all of these substances, but data for water (see, ¢.¢., Rowlinson, 
Trans. Faraday Soc., 1949, 45, 974) indicate that for this liquid it will not exceed ~0°3 ¢.u. at the 
b. p. As it will be less at lower temperatures, and moreover is unlikely to be significantly 
greater for the alcohols, it is very improbable that the relationship between the AS values of 
these substances would be seriously affected by it 

The order of the vaporization entropies is 


SSen,cn < SSag < SSen,c0 


The mtermediate position of water is perhaps rather surprising, since one water molecule can be 
involved in four intermolecular hydrogen bonds, whereas an alcohol molecule can only be 
concerned in two. The excess entropy of vaporization (which, by comparison with the reference 
curve, amounts to between 5 and 8 e.u.) is a measure of the amount by which the entropy of the 
liquids is abnormally low, and its magnitude depends on the extent to which molecular rotation 
is impeded, and on the degree of quasi-crystalline ordering of the molecules. A rough measure 
of the hindrance to molecular rotation can be obtained from the dielectric constants by applying 
Debye's theory. According to this, for water at the b. p., V (the height of the potential barrier 
restricting rotation) is ~7°4k7, whereas for methanol and ethanol it is ~3° 2kT and ~1°7hkT 
respectively. Now Pitzer's calculations (loc. cit., 1937) of the effect of restricted rotation on 
thermodynamic properties show that the amount (S, — S) by which the entropy of a system of 
molecules each with restricted rotation in one degree of freedom falls short of the value for free 
rotation is a function of both V /keT and w*// V, where » is the number of maxima in the potential- 
energy curve per one complete revolution. For a given value of V/kT, however, variation in 
n*/1V has less effect on (S, — S) than variation in V /kT at a fixed value of #*/JV. As compared 
with water, the larger values of J for the alcohols are to some extent offset by the smaller V 
values, so that there will probably not be wide differences in the value of w*// V for the three 
compounds. Rather will the magnitude of (S, — S) be primarily determined by V /k7, and we 
should expect from the figures given by Pitzer that restriction on moiecular rotation would reduce 
the entropy of water more than that of the alcohols. If this is accepted, then for ethanol at 
least, for which AS is greater than for water, a greater degree of quasi-crystallinity must prevail 
than in water, and this in spite of the fact that, as already noted, the possibilities which an 
alcoho! molecule has for association are more limited. There is, however, some evidence that the 
hydrogen bond in alcohols is stronger than that in water. Thus, the change in the vibration 
frequency connected with the hydroxy! group is larger for methanol than for water (Badger, ]. 
Chem. Physics, 1940, 8, 288), and the O--H---O distance in alcohols seems to be shorter 
than that in ice (Wells, Structural Inorganic Chemistry," Oxford, 1945, quotes 2°69 a. for 
this distance in pentaerythritol and 2°76 a. in ice). Nevertheless, there is no reason to believe 
that there is much difference in hydrogen-bond strengths in methanol and ethanol, while there is 
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a considerable difference in the JS values of these two substances. This suggests that the effect 
af the hydrogen boad in promoting order is somehow enhanced by the presence of the ethy! group. 
We have already noted that in the norma! paraffins, as the chain length increases, AS at higher 
£/T values first falis and then rises. It was suggested that the fall in AS for the lower members 
was due to the variety of molecular configurations made possible by the imcreasing flexitulity of 
the chain, and that this was eventually offset by the tendency of the chains to adopt a parallel 
alignment. In the alcohols, the chains are as it were anchored at one end by the hydrogen bond 
in such a way as to favour parallelism of the hydrocarbon residues in any case, so that the increase 
in cohesion consequent on the lengthening of the chain might now be expected to make itself 
evident right froma the start of the seres. Such an augmentation of the molecular 
ordering would, however, decrease with increasing thermal agitation, owing to the breaking of 
hydrogen bonds and the increasing violence of the movement of the alky! groups, and it will, in 
fact, be seen from Table V that the difference in the AS values for methanol and ethanol 
diminishes as the temperature rises 

Finally, we may note that although hydroxylic compounds are correctly considered as highly 
associated, of all the substances we have discussed that with the largest 4S values is nitric oxide 
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711. §-Aroylpropionic Acids. Part I, The Mechanism of Interaction 
between Phenol and Succinic Anhydride in Presence of Aluminium 
Chloride. The Nature of the Fries Reaction. 


By F. G. Bappar and Lanson 5S. Ex-Assa.., 


The action of aluminiam chloride on a mixture of succinic anhydride and phenol gives a 
mixture of f-o- and £-p-hydroxybenzoylpropionic acid. The reaction proceeds through the 
intermediate formation of phenyl hydrogen succinate. When the latter compound is heated 
with aluminium chloride in toluene, the product contains f-o-hydroxybenzvyl- and §-p-tolucyl 
= apes acid, and a trace of §-p-hydroxybeazoylipropionic acid. This result indicates that the 


ries reaction is partly intermolecular 


Mirree and Suvamakanta De (/. Indian Chem. Soc., 1939, 16, 35) stated that the action of 
aluminium chiorule on a mixture of suceimie anhydride and phenol gave only §$-o-hydroxy- 
benzeyipropionic acid. The expeximent was repeated but the indefinite m. p. of the crude 
product indicated that it wasa mixture. Its constituents were shown to be $-c- and §-p-hydroxy- 
benzoyipropronic acid, the former being predomimant 

The fact that the action of aluminium chloride on a mixture of succinic anhydrnde and anisole 
gives only §-p-animsoylpropionic acid (cf. Mitter and Shyamakanta De, Joc. ct.; Haworth 
and Sheldrick, /., 1034, 1951) indicates that the two reactions must proceed by different 
mechanisms. Thus, whereas the latter reaction is one of direct substitution, the former 
proceeds by a Fries reaction mechanism (cf. Fries and Finck, Ber., 1908, 41, 4271; Blatt, Chem 
Reviews, 1040, 27, 429), 1.¢., it proceeds through the intermediate formation of phenyl hydrogen 
succmmate (1), which by the action of alumimam chloride gives rise to a mixture of $-o- and 
B-pP-hydroxy benzoylpropiomc acid (IL and LI, respectively). This assumption is supported by 
the wolation of pheny! hydrogen succinate as an imtermediate product in the above reaction 
However, the fact that the percentage of the p-hydroxy-acid obtained by the action of aluminium 
chloride on a mixture of succinic anhydride and phenol is slightly higher than that obtamed by 
the action of alummuium chloride on pheny! hydrogen succinate suggests that the former reaction 
most probably proceeds both by direct substitutson, which gives mainly the p-hydroxy-acid, and 
by the Fines reaction which gives mse to a mixture of the o- and p-hydroxy-acids 

When solvent acetylene tetrachloride was replaced by toluene, the product from the action of 
aluminium chionde on phenyl hydrogen succinate contained $-o-hydroxybenzoylpropionic acid, 
§-p-tolucylpropiome acid ([V), and a trace of the p-hydroxy-acid. This showed that the 
Fries reaction im this particular case is partly of an intermolecular nature 

The fact that the formation of §-p-toluoylpropionmic acid occurred mainly at the expense of 
6-p-hydroxybenzoylpropionic acid could be taken as an indication that the Fries reaction is of 
both the intramolecular and the intermolecuf’r type (cf. Rosenmund and Schaurr, Annaien, 1928, 
460, 56, Ralston of al, /. Org. Chem... 1940, 5, 645; Gershzon, /. Gen. Chem. U.S.S_R., '943, 18, 
68). However, the validity of this assumption is now under investigation 
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The formation of §-p-tolucylpropionic acid in the above reaction can be explained by 
assuming that the co-ordination of aluminium chlonde with phenyl hydrogen succinate facilitates 
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its heterolytic fission to the cation (V). This cation then undergoes an electrophilic substitution 
on the phenoxide ion or the toluene molecule to give §-o- and §-p-hydroxybenzoylpropionic acid 
(I! and ITT), or $-p-toluoylpropionic acid (IV), respectively 


EXPERIMENTAL 
(M. p.s are not corrected. Microanalyses were carried out by Drs. Weiler and Strauss of Oxford.) 


B-o- and B-p-Hydroxybenzoylpropiomc Acd.—A mixture of phenol (20 g., 1 mol.), succinic anhydride 
(20 g., 1 mol.), and acetylene tetrachloride (150.c.c.) was thoroughly stirred, and treated portionwise with 
powdered aluminium chloride (60 g., 2-1 mols.). The mixture was kept at room temperature for 4 hours, 
then the reaction was completed as stated by Mitter and Shyamakanta De (Joc. cit.). The product 
(20—22 g.; m.p. 110. Rar yates tae gg yas either of two methods 

(i) It was crystallised from water (700-750 pot = ~h the acid which separated oa cooling was 
recrystallised from water (ca. 450 ¢.c.) to E~ benzoylpropionic acid in crystals, m. p. 
145-146" (Found: C, 619; H, 53%; M( ). arn Cake for C,H,O,: C, 619; H, 62%; M 
194); yield, 1O— 11g. Mitter and Shyamakanta De (Joc. cit.) give m. p. 145 


The combined mother-liq trom the above crystallisations were concentrated (ca. 40—W c..), and 
allowed to crystallise. On allisation from te 62, ee Oda td eet, Oe was obtained in 
lustrous needles, m. p. 160—-161" (Found : C, 62-1 active H, 0-00% ; Af (Rast), 200. C,H .O, 
requires C, 61-0; H, 5-2; active H, 103%; M, 194); yield ca. 4-56 


(ti) The mixture (4 g.) was treated with an ethereal solution of diazomethane (from 12 g. of nitroso- 
methylurea). and left overnight at0°. The solution was washed with sodium carbonate solution to remove 
any unesterified acids veel with sodiam hydroxide solution to extract phenolic esters. Acidification of 
the carbonate solution tated §-o-hydroxybenzoylpropionic acid (ca. 22 g.). The neutral product 
was hydrolysed with ~otassium hydroxide solution, and the acid (ca. 1-1 g.) was crystallised 
from dilute alcohol to ro EB - -anisoylpropionic acid as 4 » . 1-151", endepressed on 
admixture with an authentik imen (Found : Cc, 63-5; OMe, 144%; M, 212. Cale. for 
C,,H,,0,: C, 63-5; H, 58; OMe, 14-90%; Mf, 208). Mitter and oe De (loc. of.) and Haworth 
and Sheldrick (Joc. cit.) give m. p.s 146° and 147-148", respectively 


Phenyl Hydrogen Succimate.—(i) A mixture of (10 ¢., | mol.) and succinic anhydride (10g., | mol.) 
was heated at 140-—150° for 3 hours. The product was treated with ether and filtered from the insoluble 
succinic anhydride (ca. 2g.). The ethereal solution was extracted with noone sodium carbonate solution, 
which on acidification gave a acid. When this was crystallised from benzene 1 mos 
(bp. 60707), i gave phenyl hydrogen ydrogen succinate, m. p. 07.06" (Found. C, 621; 
for CyH yO, Ad indisatiny thas toe Sa Determination of the molecular weight by Kast’s 
method gave a low value, that the substance dissociated when heated into succtnic anhydride 
and phenol. o> ane lound ts Goto oats one oanmghe oh-gieee’ tptrunen euartecte was keaked ot 
170° for about 5 minutes. The ester was easily hydrolysed when heated with sodium carbonate solution, 
or boiled with water. 


The ethereal mother-liquor was extracted with sodium hydroxide 
phenol. Evaporation of the ether left a neutral substance, which on crystallisation from benzene 
petroleum (b. p. 40-60") gave diphenyl succinate as needles, m. p. 120-121" (cf. Kheinische 
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Pabrik, Contr., 1933, 104, |, 1686; D.R.-P. 565,069, Schering-Kablbaum A.G., EP. 397.505. 
Centr, 1934, 106, 1, 129) (Pound: C, 713, H. 53%, M288 Cak. forC,,H,O,: €, 71-1; H. 52% 
M270) (ca. 1 g.). When the reaction was carried out at 100° of at 190- , & poorer yield of pheny! 
bydrogee succinate was obtained 


(ii) A stirred mixture of phenol (10 g.), seccimic anhydride (10 ¢.), and acetylene tetrachloride (100 c « 
was cooled in water, and treated with powdered aleminiam chloride (30 g.) at such a rate that the 
temperature did not exceed 30° The stirring was continued for about 4 hours, and the reaction mixture 
decomposed with ice and hydrochloric acid. The product was extracted with ether, and the ethereal 
solution shaken with sodium carbonate solutson he preciputated acid was crystallised from benzene 
light petroleum (b. p. 40-60"), giving phenyl hydr succinate, m. p. 97—08" (10 ¢.), undepressed 
on admixture with he above ester (Found. C, 61-7, H, 490%) 

Action of Aluminium Chloride on Phenyl Hydrogen Succinate — A solution of the ester (15 ¢.. | mol.) in 
acetylene tetrachloride (100 cc.) was treated at 20.25" with powdered aluminium chloride (20 g., 2 
mols.), and the mixture heated in an oil-bath at 120-130", of at 130-140" for 2 hours. The reaction 
mixture was worked up as in the first experiment, and the constituents of the product were separated by 
fractional crystallisation from water (see first experiment) into £-o-hydroxy benzoylpropionic acid, m 
146.147" (ca. 48 g.), and the p-isomer, m. p. 160--161" both m. p.s were undepressed on admixture with 
authentic specimens 


Action of Aluminium Chloride on Phenyl Hydrogen Succinate im Presence of loluene.—A solution of 
phenyl! bydre succinate (10 g.. | mol.) m toluene (0 cc.) was treated with powdered anhydrous 
aluminiam chloride (15 g., 2 mols.). and the mixture heated at 120-130" for 2 hours, decomposed with 
water, and worked up as usual. The precipitated acids (ca. 6 g ) were esterified with methyl alcohol and 
hydrogen chloride Alcohol was removed, and the product extracted with ether, and washed with 
#xiium carbonate solution te remove unesterified acids, then with sodiam hydroxide solution to extract 
phenolic esters. The precipitated phenolic acids (ca 3-4 g.) were treated with etherea! diazomethane 
solution and worked up as before. The product consisted mainly of 8-c-hydroxybenzoylpropionic acid 
(ca. 29g), with only traces of the p-hydroxy-acid. The neutral product was hydrolysed with alcoholic 
alkali, and the resulting acid (co. 1-2 g.) was crystallised from benzene-light petroleum (b. p. 40—60"), 

ving £-p-tolusyiproptonic acid im shining flakes, m R and mixed m. p. 128-129 (Found: C, 69-1; H, 
2%, M18. Cak. for C,,H,O,: ©, 688; H, 63%; M, 192) (cf. Barnett and Sanders, /., 1933, 434). 


B-o Amuoylpropioms Acid.--A mixture of 8-o-hydroxybenzoylpropionic acid (6 g.}, methyl iodide 
(15 g.), potassium carbomate (15 g.), and dry acetone (50 ¢.c.) was refluxed for § hours. The product was 
worked up as usual, then distilled in a vacuum to give methy! 8-o-anisoylpropionate as a colourless viscous 
oil, b. p. 176-178" /8 mm. (ea. 52g The acid obtained on hydrolysis of the ester was crystallised from 
benzene light petroleum (b. p. 40- 60°) to give 8-o-amtsoylproptoms acid in colourless crystalline aggre- 

ates, m. p. 100-101" (Pound : C, 63-3; H, 5-8. OMe, 155%; M198. C,,H,,O, requires C, 63-5; H, 
58, OMe, 140%; M, 208) (yield 70% 


yo Methoaryphenylbutyne Ard. — (i) y-o- Hydroxyphenylbutyric acid (cf. Mitter and Shyamakanta De, 
loc. cat.) (0 g.) was methylated with methyl] iodide (12 g.), potassium carbonate (15 g.), and acetone (80 c.c.) 
as stated above The resulting ether ester was distilled in a vacuum, and the fraction, b. p. 122-124" /3 
mm. (7-7 ¢.), was hydrolysed with alcoholic alkali to give yo methoxyphenylbutyric acid. Crystallised 
from light petroleum (b. p. 40-60") it had m. p. 41-—-42° (Found: C, 68-3; H, 7-2; OMe, 167%; M, 
206. Cale. for C,,H,O,: C, 680; H, 72; OMe, 16-09%; M, 194). Lockett and Short (/., 1939, 
789) give m. p. 39-39-5 If the acid fails to solidify, it can be further purified by vacoum distillation ; 
b. p 166-168 /2 mm 


(ti) B-o Anisoylpropiomic acid (3 g ) was reduced with zinc amalgam (30 g.), and concentrated hydro- 
chioric acid (0 ¢.c_) by Clemmensen’s modified method (cf. Martin, /. Amer. Chem. Soc, 1036, 6B, 1438) 
The ackl was extracted from the toluene layer with sodium hydroxide solution, precipitated, and crystal- 
lised from light petroleum (b. p. 40-60") to give »-o-methoxyphenyibatyric acid, m. p. 41-42", 
undepressed on admixture with a specimen from (1) (viel! ca. 85%) 
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712. Halogenation in the Liquid Phase by Means of Chlorine 
Trifluoride. 


ly |. F. Friars and W. K. R. Muserave 


When benzene (1 mol.) in carbon tetrachlonde solution, and in the presence of a variety of 
catalysts, is treated with chiorme trifluoride (U0 5 mol) the main reaction is one of substitution, 
and the products are (hlorobenzene and fluorobenzene. Some halogenated addition compounds 
are also produced in smaller quantities, and, in certain cases, products suspected to be 
halogenated dipheny!s are formed 


ALTHOUGH some of the interhalogen compounds have been used in organic chemistry for several 
years (Sharpe, Quart, Reviews, 1950, 4, 127) very little attention has been paid to chlorine 
trifluoride This has been due mainiv to two factors 4) the great reactivity of the reagent 
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(Rati and Krug, Z. anorg. Chem., 1930, 190, 270; Booth and Pinkston, Chem. Reoiews, 1947 
41, 421), and (6) difficulties in the preparation of fluorine, which is needed for its synthesis 
Now that the second of these factors has been overcome (Leech, Quart. Reviews, 1949, 8, 22 
Rudge, J. Soc. Chem. Ind., 1949, 68, 247) and chlorine trifluoride can be prepared on a large 
scale (Leech, joc. cst.; Porter, Chem. Eng., 1948, 55, No. 4, 102), it has become possible to make 
a more detailed study of its possibilities as a reagent in organic chemistry 

N. detailed reports on the reaction between chionne trifluoride and organic compounds have 
hithe, co been made, although Burnett and Banks (Chem. Soc. Symp. on Fluorine Chemistry, 
Nov., 1949) and Porter (loc. cit.) have stated that such reactions can result in the introduction of 
both chlorine and fluorme into the organic compound, while Haszeldine (private communication 
to Sharpe, Joc. cit.) states that, in the vapour phase, benzene and toluene react with chlorine 
trifluoride to give substitution and addition compounds 

We now record our observations on the controlled reaction between benzene and chiorine 
trifluoride in carbon tetrachloride solution and im the presence of several different catalysts 
The catalysts, as can be seen from Table I, were chosen because they were either well-known 
halogen carriers or were salts of transitional metals which have been used as catalysts in the 
direct fluorination of organic compounds (Cady ef al., Jnd. Eng. Chem., 1947, 39, 200; Fowler 
et al., ibid., p. 202: Musgrave and Smith, /., 1949, 3021, 3026). It can be seen (Tables | and 
II) that the main reaction im all cases, including the non-catalysed experiment, is one of 
substitution, the chief products being chlorobenzene and fluorobenzene. Some addition 
products which, by their reactions and analyses, appear to be chlorofluoro-cydohexanes, -cyclo- 
hexenes, and -<ycichexadienes are also produced; but only in Expt. 7 are they formed in 
reasonably large quantity. Occasionally, it was possible to isolate from the higher-boiling 
fractions, before they decomposed, small quantities of what appeared to be chlorofluorodiphenyls 
because of their analytical composition and their stability to aqueous permanganate and 
bromine water 


Tasie I 
= Wt. of CIP, used 


(g.) and rate of - C,H, Addition Diphenyls, 
Expt. Catalyst flow (g./br.) cpd x 


254 


oas 


1 
2 
3 
4 
4 
6 
* 
’ 
x 


11-6) 22-67 (30-27) 6-29 (8-30) 
14-6 (19-5) - 

All experiments were carried out at 0° except Expt. 8 which was at 77 

In allexperiments except 7 and 8 the benzene (100 g.) was mixed with carbon tetrachloride (500 ml.) 

In Expts. 7 and 8 only 75 g. of benzene were used and were mixed with 7% ml. of carbon tetra 

chloride. The figures in parentheses are the corresponding yields from 100 ¢. of benzene 


Analysis 
Possible Found, % 
B. p./8 mm formula Cl b 
29—30° CHL, 374 
6970 CHL, . 
*7—48 y C.H.clF 
130—132 
wo 
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* Crystallised from reaction mixture after removal of carbon tetrachloride, 
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Ot the catalysts used, cobaltous fluoride gave rise to the greatest total yield. Increase in 
the amount of catalyst and solvent coupled with decrease m the flow rate of the chlorine 
trifluoride (Expt. 7) appeared to have little effect on the production of substitution products but 
mereased, by a factor of three, the formation of addition products. When this experiment 
was carried out at the boiling point of carbon tetrachloride, the yields were reduced. Silver 
fluoride and wine had little or no catalytic effect, although the former has a pronounced effect 
im direct flacrination. lodine may have formed the milder fluorinating agent, iodine penta- 
fluoride, as an intermediate (Ruff and Krug, joc. cit.), but since it has been found that this 
reagent does not replace the hydrogen of organic compounds by fluorine (Sharpe, Joc. cif), it is 
not surprising that it did not act as a catalyst 

To account for the production of fluorobenzene by the usual sonic process, we can postulate 
that the initial process in the non-catalysed reaction is CIF, —> CIF + F* + F~, while, in the 
case of the catalysed reactions, and taking cobalt fluoride as an example, we can have (cf. Bigelow 
a al, Ind. Eng Chem, 1947, 39, 360) 

CIP, + 2CoF,-—> 2CoF, + CIF 
CIP, + CoP, ~~ > F* + CoF,.~ + CIF 
This theory assumes, as the experimental results indicate, that it is camer to produce the positive 
fluoride ion from chiorine trifluoride than from fluorine itself. The work of Bigelow ef ai 
LJ. Amer. Chem. Soe., 1960, 72, 2411; and earlher papers of this series) has shown that fluorine 
itself attacks the aromatic nucleus by an atomic chain mechanism and proceeds first, by 
addition, to the saturated hexafluornde and then by substitution of the hydrogen atoms in this 
compound. The inability of elementary fluorine to give rise to substitution products is due to 
the difficulty m removing an electron completely in order to produce the positive ion 

The formation of chlorobenzene in the prevent series of experiments is explained by the 
chiorinating action of the chlorine fluoride (Bigelow ef ai., ibid., 1040, 62, 267; Ind. Eng. Chem., 
1947, 39, 360), and since some of this is also formed in converting the catalyst into the higher 
valency state, we have a partial! explanation of the formation of this product in higher molecular 
proportion than fluorobenzene. The rest of the chlorobenzene is probably produced as a 
secondary process owing initially to reaction between the chlorine trifluoride and the solvent, 
resulting in the formation of more chlorine fluoride 


(}) CIP, + CCl, > COP + 2clF 
CIF, + CCL,F —» CCF, + 2ClF 


(2) CIP, + CCl, —> CCLP, + C1, 
Cl, + CIF, ——» SCIP (Schmitz and Schumacher 
2. Naturforsch... 1947, 2. a, 362). 
Of these (1) is considered the more likely (see Emeléus ef al, /., 1948, 2188, for the reaction 
between carbon tetrachloride and bromine fluoride) since if (2) occurred to any extent, there 
would be some interaction between the chlorine and the benzene, with evolution of hydrogen 
chloride. Since it was possible to detect this gas only in one case (Expt. 4) the mechanism (2) 
does not seem possible. In this one case it can be explained by reaction between 
the catalyst and the chlorine trifluoride to produce the necessary chlorine: CoCl, + CIF, -—> 
CeF, + CIF + Cl, (Schmitz and Schumacher, loc. cif.; Sharpe and Emeléus, /., 1948, 2186), 
but the same process cannot occur in Expt. 3, since in this case no hydrogen chloride 
was detected. The absence of hydrogen chloride in the effluent gases is taken as confirmation 
of the mechanism suggested above, since this would result, in all cases except when a metallic 
chloride is used as catalyst, in the evolution of hydrogen fluoride only Further support comes 
from the fact that a slightly increased yield of chiorobenzene resulted in Expt. 7 when a greater 
volume of solvent was used. No attempt was made to obtam any evidence from the state of 
the catalyst at the end of each reaction, since it was so intimately mixed with tarry material as 
to make this impossible, It is noteworthy (Expts. 4, 6, and 7) that use of cobaltous chloride as 
catalyst increased the amount of fluorobenzene produced, while cobaltous fluoride increased 
considerably the relative amount of chlorobenzene. The extent to which attack by chiorine 
trifluoride occurs on the solvent is difficult to estimate, since it depends on the relative rates of 
reaction of the benzene and the carbon tetrachloride with the reagent, and their concentrations 
It may not be great, since, as has already been stated, doubling the volume of solvent per g. of 
benzene (Expt. 7) results in only a slight increase in the yield of chlorobenzene. The loss of 
carbon tetrachloride in any experiment varies between 50 and 100 m! , but this can be accounted 
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for to some extent by normal losses in working up the products. Blank experiments showed 
that losses due to bubbling nitrogen through the carbon tetrachloride at 0° for the period of the 
experiments were only about 2%, while at 77°, with the modified apparatus, they were slightly 
higher (0°5% /hour). 

Fluorobenzene itseif could not be isolated from the reaction mixture since it appears to form 
an azeotrope with carbon tetrachloride and benzene, containing about 10% by weight of 
fluorobenzene. The amount produced was therefore determined by fluorine analysis, and 
confirmed by conversion into 4. 4’-difluorodipheny! sulphone (Huntress and Cartes, /. Amer 
Chem. Soc., 1940, 62, 512) and p-chlorofluorobenzene (Varma ef al., J. Indian Chem. Soc, 1044, 
21, 112). Model experiments showed that, with a solution of fluorobenzene in carbon tetra 
chloride containing a little benzene, the best yields of these two compounds obtainable were 
26% and 51°5%, respectively. The presence of benzene complicated slightly the isolation of 
the sulphone. Exper:ments carried out on the azeotrope gave results which agreed with those 
obtained by analysis 

The addition compounds and dipheny! derivatives (Table I1) were not produced in sufficient 
quantity for charactersation. Variation in the boiling points of substances which give the 
same analytical figures may be due to the fact that they are isomers. In any case, the formule 
are suggested only to give some idea of the pussibilities. of which there are, in most cases, several 
Attempts will be made to synthesise them by other methods 


EXPERIMENTAL. 


The reaction vesse! A (see figure) was of mild steel and had a screw-on bid carryimg imlet and outlet 
tubes, and having provision for a mercury seal. It was connected by copper tubing to a safety trap # 


x Compression umons with brass washers. 
@ - ” = Neoprene washers. 
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and thence, through flow-meters C and D to nitrogen and chiorine trifluoride cylinders. The flow 

meter C and the lower part of D were made from hard glass. The wu part of D consisted of a coppe: 
tube joining two pieces of copper rod, through each of which was drilled a very fine hole. The liqu 

the manometers was carbon tetrachloride. Joints were made with compression unions, neoprene 

used instead of brass rings for the metal-to-glass joints. In experiments carried out at 77°, the stirrer 
was fitted with a mercury seal (no halogens escape from the reaction mixture), and two condensers, one 
water and the other ice and water, were connected, by means of brass unions, to the outlet tube 


In all experiments, except Nos. 1, 7, and 8, benzene (100 g.) was dissolved in carbon tetrachloride 
(500 mil.), to which had been added 10 g. of anhydrous catalyst, and the reaction mixture was kept at 
0° and treated with chlorine trifluoride ( . © g.) at the rate of 10g. /hour. The chlorine trifluoride 
was diluted with nitrogen ot the rate of 12 L.jhour. In Expt. | no catalyst was used, but in Expt. 7, 
benzene (75 g.) in carbon tetrachloride (750 ml.) and in the presence of 100 g. of catalyst was with 
chlorine trifluoride (45 g.) at the rate of 4 g./hour. Again the reaction mixture was cooled to 0" by 
ice and water, and the chlorine trifluoride was diluted with ritre ven at 12) hour Conditions in Expt. 8 
were the same as in Expt. 7, except that the flow rate of the -hlorine trifluoride was slightly greater 
(5 g./hour) and the experiment was carried out at 77°. 

Thus in all cases, one molecule of benzene was treated with approximately 0-5 molecule of chlorine 
trifluoride, During the process, tative tests for 
nitrate solution on glass rod), and hydrogen 
intervals. hydrogen 
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ide, the residue in the flask was 

. first at atmospheric , and 
, Table I). The fractions obtained 
columa packed with Fenske 
hoid-up losses to a 


fleorobenzene by distillation, freezing, or removal 
CCi, 2H,8,23H,0 (De Forcrand, j/., 1883, 44 (Abs.), 961) have so 
fractionated under reduced pressure and gave chlorobenzene 
16246) (Found: Ci, 31-3. Cale.: Cl, 31-4%), halogenated 

thon compounds. ‘and diphenyls. Details of these are given in the 
Preparation of 4 4'-Difluorodsphenyl Sulphone.—-The azeotrope (5 ml, containing 0-75 g. of flaoro- 
benzene by analysis) was treated with redistilled « acid (3 mi. ) and heated reflux at 
it was then poured on crushed ice, car tetrachioride (4 ml.) was added, and the 
—- ani layer wasseparated. It was washed twice with water and dried GtgS0). and the carbon tetra- 
chloride distilled off under reduced pressure. The oily residue was dissolved in a ute alcohol to which 
a drop of phen ——— had been added, and benzen*sulphony! chloride was destroyed by treating 
this solution at with dilute alcoholic sodium bydroside until it was faintly alkaline. After being 
made exactly neutral, the filtrate was evaporated to dryness under reduced pressure. The product was 
washed with water to remove saccdium salts, and then Tuy. from aqueous alcohol; yield 150 mg., 

m. p. 98" (Found: F. 148. Cale. for C,,H,O,SF, 


Preparation of p-CAloreflucrobensene.-To the azeotrope (26 ml., contaming 4 g. of flucrobenzene by 
analysis), in a flask fitted with a reflux condenser, were added iron filings (0-4 g ), and chlorine was passed 
im with occasional shaking anti] the gain in weight was gl s allowed for the conversion of 
the small amount of benzene present inte. dk hlorobenzene he product was Giltered, washed with 
2n-ecdiam hydroxide and then with water until neutral, and dried (CaCi,). On distillation through a 
short column the fraction, b. p. 129-6-130-5°, was collected, yield 2-52 g. (Found: Cl, 27-4; F, 14-5 
Cale. for C,H,CIF ; Cl, 27-2, F, 146%) 


The authors thank Imperial Chemica! Industries Limited, Genera! Chemicals Division, for supplies of 
chiorine trifluoride, and one of them (J. F. E.) is grateful to the Durham Colleges in the University of 
Durham, and Durham County Education Committee for maintenance grants 
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713. The Heat of Solution of Halides, Sulphuric Acid, Ovxalic Acid, 
Sodium Hydroxide, and Urea in Ethyl Alcohol-Water Mixtures. 


By M. Bosrecexy and R. D. Lariscn. 


The heats of solution of ferric chloride (anhydrous and hydrated), of the hydrated chlorides 
of aluminum, copper, nickel, and cobalt, and of potassium iodide, sulphuric acid, oxalic acid 
(hydrated), sodium hydroxide, and urea were determined in water-ethy! alcohol mixtures 
S-shaped curves were obtained when heat of solution was plotted against alcoho! content, 
with a pronounced minimom in all cases at about 30% (wt.) of ethyl alcohol. In most cases 
& maximum at about 75%, (wt.) is discernible 


Tux determination of the heat of solution was based on two measurements: (i) the change 
of temperature on dissolving the substance in an ethy! alcohol-water mixture; (ii) measure- 
ment of the specific heat of the resulting solution. All percentages recorded are by weight 


Taste | 
Specific heat of ethyl alcohol-water mixtures at 22°5". 
Ng “OH, wt. % 0 


0 ( 
Pp. heat 1.025 
C vA, OH, wt % g ” 
Sp heat S7 0-677 


The recorded data for the specific heat of ethy! alcohol-water mixtures are discordant. 
Therefore, we made a series of measurements at a mean temperature of 22°5° (Table I). The 
salt solutions used were very dilute and therefore the heat of dilution was small, being only 
a few units % of the heat of solution. The S-shaped curves obtained with anhydrous and 
hydrated ferric chloride (Figs. 1 and 2) show two breaks at about 30% and 70% of ethy! 
alcohol, The constant difference of 26°2 keals, between the two curves up to highest alcohol 
concentration is equal to the molar heat of formation of the hexahydrate at 23 Whichever 
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form is used initially, the same ratio of the components (hydrates or alcoholates) must exist 
in the final mixture, so, clearly, a quantity of heat is used for dehydration of the hexahydrate. 
If the hydrate is dissolved in a solvent containing 83% of ethyl alcohol, no heat effect is 
observed. At higher concentrations of alcohol, heat is absorbed. The maximum in the upper 
alcohol concentration is not always distinct (¢g. with sulphuric acid), and oxalic acid and 


Fre. 2 
Fie. 1 1, PeCl.6HO. 2, CoCl, 2HO 
1, FeCl, 2, WSO, 3, AICI, 6H,O 4, NIC, 6H,O. 4, CoCl 6HO, 
4, NaOH 5, Uren. @ KI. 7, H2,0, 24,0 


A cals / mole. 
8 
A ca/s./mole 


‘ 
i) 











Pee 
Alcohol, wt. %. 


a shows the number of g. of substance dissolved im 200 g. of solvent 
t * » mols. of water per mol. of substance for the solution in pure water 


Notes 


FeCl, 

FeCl, 6H,0 

AIC), 6H,0 5 5 Curves similar to those for FeCl, 

CaCl, 2,0 5 : Breaks at ca. 39%, and 70%, of EtOH 

Nil, 6H,O 3 Heat of solution negative ; min. at 25°. max. af 89%, E1OH 

CoCl, 6H,0 Curve similar to preceding ; heats more negative 

KI Heat of solution negative ; min. at 25%, ; above 80%, rate of solution too 
slow fow exact measurement 

H,SO, 3-65 Minimum at 25% EtOH. 

H,C,0, 2H,0 Reger 

NaOH : : , 0% «Cj 

Urea 7 Indistinct maximum and minim 


* 95% Acid. 


sodium hydroxide do not show it: with urea, neither the maximum nor the minimum is distinct 
These indistinct maxima may be due to chemical reaction 


The results conform well with the general picture developed in the following paper 


EXPERIMENTAL 


A pparates.—Electrically heated tw. calorimeters of special design were used : one served for the 
measurement of the heat of solution, and the other contained only water and served asa control. The 
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(Pig. 3) were two Dewar 400-< c flaskwin metal sockets 
. Stirrers, electric heaters, and Beckmann thermometers 
Dewar flasks couki be screwed in or removed from the same ebonite 
-vesse!) was made entirely of glass with a ground stopper at the bottom 
and held open by aclamp. The stirrers were mace of glass and were 
by & motor, so that both were rotated at the same rate. The temperature in each of the 
was recorded on a Heckmann thermometer divided into 061°, which could be read to 0-00)" by means 
falens be bmp ptt tomer pg ee be 


























Procedure The quantity of the sample (2.15 g ) was calculated to give a temperature change of 
1—2°. The powdered and weighed substance was introduced into the sample vessel! n order to prevent 
the absorption of moisture, this was closed at the top by a bored rubberstopper. The Dewar flasks con- 
taining the exactly weighed solvent were screwed into the ebonite plate me of the flasks contained 
200 or 300 « of ethy! alcohol-water mixture, and the other an amount of water calculated to be of 
approximately the same heat content 


The solution with the suspended sample vessel was heated by the interna! heater to the required 
ature while being constantly stirred. At the same time the space inside the outer case was 
heated to the same temperature. Therma! equilibrium in the calorimeter was reached after 10-—15 
minutes. The course of the temperature changes was then uniform. The temperature was read at 
intervals of 30 secs., aad the preheating (or cooling) curve—the equilibrium drift—noted. Then the 
sample vesse) was raised out of the solvent and the salt dropped into the Dewar flask by opening the 
bottom stopper. The last was held in a raised position by a clamp, while the sample vesse! was again 
lowered to its former position, so that any residue adhering to the walls of the vessel or to the stopper 
was dissolved. Dissolution took a few minutes, after which the equilibrium drift was immediately 
measured. The exact temperature difference was obtained graphically 


The specific heat of the salt solution was determined by electrically heating both liquids to a fixed 
equal temperature. The equilibrium drift was measured, followed by heating for about 1°. Then 
the post-heating curve was measured, and the temperature difference determined graphically as above 
Hy comparing the temperature difference and the weights of the liquids, the specific heat of the solution 
was obtained. This value was extrapolated for the mean temperature of the dissolution. In order 
to evaluate the temperature coefficsent of the specific beat of these dilute salt solutions, special exper 
ments were carried out. As there was only a small difference (about 1") between the mean temperature 
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of the dissolution and the temperature at which the specific heat was determined, the corrections were 
very small. j : 
Taste LU. 
Heat of solution. 
jetne ¥ ! FeCl, H,0. AICI, 64,0 CuCl, 2H,0. MICA, SH,0. CoCi,¢H,0 
C,H,OH, wt. %. 


e+ 
252 & 


; 
; 


$23 


Substance 
Mean temp. 


C,HyOH, wt. %. 


-~ 
= 
~) 


- 


5 
5-70 
625 
6-20 
5-45 
4-02 
4 
3 


The salt solutions used were very dilute and therefore the heat of dilation was small and amounted 
only to a few units % of the heat of solution (¢.¢., for anhydrous ferric chloride and pure water in the 
molar ratio | : 600, +31-3 keals.; im the molar ratio | ; 360, + 30-4 kcals) 

Results.— Determination of the heat of solution of various substances in ethyl alcohol-water mixtures. 
The heat of solution H of 1 g.-mol. salt was calculated by the formula 1 = wiWsM . AT/1000 ¢.. 
where H = heat of solution (in kcals.), w — water equivalent of the apparatus, W «« weight of solution, 
5 = specific heat of the solution, M =— molecular weight of salt, g = weight of salt (im g.), and AT = 
temperature difference. The results are given in Table II and Figs. | and 2. 

DEPARTMENT OF INORGANIC AND ANALYTICAL CHEMISTRY, 
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714. The Chemical and Physical Properties of Ethanol-Water 
Mixtures. 


By M. Bopretexy 


Ethanol-water mixtures fall into three zones, low, medium, and high, with respect to 
ethanol content. Many physical aad chemical processes taking place in the mixed solvents 
are quite different im the zones, and possibile reasons for this fact are advanced. 


Tue results now presented, together with other experimental work (see, ¢.¢., preceding paper), 
show that in alcohol-water mixtures there exist three distinct zones with regard to the content 
of alcohol, viz., low, medium, and high, and that in each of these zones chemical reactions 
proceed in a well-defined way characteristic for the particular zone. In the oxidation of ethanol 
by chromium trioxide, in the presence of fixed amounts of various mixed acids (see Bobtelsky 
and Cohn, Z. anorg. Chem., 1933, 210, 225), there is a “ low " zone (below 25—30%, of ethanol) in 
which the velocity of oxidation is proportional to the concentration of the alcohol; in the middle 
zone, 30—60% of ethanol (8—3 mols. of water per mol. of ethanol), the velocity falls very slightly 
loy 
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with increasing concentration of the alcohol; in the high zone, above 60°, ethanol (< 3 mois 
of water per mol. of ethanol), the velocity increases very steeply. The temperature coefficients, 
too, differ greatly in the low and the high zone, whilst in the medium zone they are not constant 
The influence of the various acids on the reaction rate is linear in the case of the high zone and 
when these rates are plotted against the concentration of acid, the curves show a typical angie of 
inclination for each acid. On the other hand, in the low zone the influence of acid is very samilar 
to that observed in water solutions. The influence of catalysts also differs ior the two zones 
¢g , duminium nitrate is a good catalyst in the high zone, but does not affect the reaction rate in 
the low sone 

On investigating the catalytic decomposition of hydrogen peroxide, we found that this was 
greatly retarded by small amounts of ethy! alcohol (up to 5%,) in the presence of specific catalysts, 
bat that further addition of ethyl alcohol up to 30°, increases the velocity of the decomposition 
very greatly. Between ~30% and ~60%, the catalyzed reaction shows a steady maximum 
above 60%, it is stopped (Bobtelsky, Glasner, and Bobtelsky-Chaikin, J. Amer. Chem. Soc., 1945, 
67, 966.) Also, the sensitivity of colloidal particles to coagulation is different in the three zones 
mentioned above (Jirgenson, Z. physthal. Chem., 1931, A, 158, 56). Further, the thermal effect 
of solution (see preceding paper) is distinctly different in the three zones of ethanol-water solvents 

Por methyl alcohol, similar zones of the action of the mixed solvent were observed by 
us. In other instances we were convinced by experiment that changes which can be brought 
about in the rate of chemical reactions by adding certain neutral salts in high concentration 
to the solution may be reproduced by using as solvent an alcohol-water mixture of appropnate 
composition 

From all the experimental evidence we consider that solutions prepared in the various 
ethanol-water mixtures are convenient for solvation studies, and it is to be expected that 
phenomena which are sensitive to changes in water or alcohol conteht should show breaks on 
passing from one sone to the other. Some time ago we wrote that “ the rate at which electrons 
change their position in aqueous solutions depends greatly on the kind of the influence of the 
water molecules "' (Bobtelsky and Radovenski-Cholatnikow, Z. anorg. Chem., 1931, 199, 241) 

These extensive observations may be explained by the strong hydrogen bond between 
alcohol and between water molecules. Pauling (“" The Nature of the Chemica! Bond,” 1945) 
considers that this bond in alcohol is even stronger than in water. The arrangement of the 
molecules in the mixed solvent depends on their relative amounts in the mixture. It is 
justifiable to assume that in various mixtures the following four simple combinations may exist 

ron 06" pom 08" ron" —s non 0 
nO : ’ , 
“MH NR \r “nH 
(a.) (b.) (e.) (4) 


In the low sone seemingly only “ polymers" of type (d) exist and the solvent acts as a pure 
water medium; (a) and (6) should be the types predominating in the middle zone (30-—60% of 
slcohol) producing a mixed effect, and in the high zone type (c) exerts itself as in pure alcoholic 
solutions. Thus the oxidation of ethanol by chromium trioxide in the presence of acids proceeds 
im the high zone (60%) through the intermediate (ROH, * and the rate of the reaction increases 
linearly with the concentration of the acid (the effect of sulphuric-perchloric acid in equi- 
molar ratio is as 2:1). On the other hand, in the low zone the solvent is made up 
of “ polymers " of type (d) and the various acids dissociate just as in pure water. The three 
different zones are thus the result of the existence of a small number of definite structures, the 
formation of which is not dictated by a principle of smallest volume. There are two other 
{actors which fix the structure and the composition of the mixed solvent : (1) the energy of the 
hydrogen bend, which differs for the two pure solvents; (2) the ultimate form of the 
‘ polymers “' which result from the various types of binding mentioned above 
For example, it is known that ethanol-water mixtures show a maximum contraction at the 
ratio ICH OH : 3H,O. In this case the elementary structure may be represented as in (¢ 
HOH It is noteworthy that the discontinuity in ethanol-water mixtures and the 
oO abrupt passage from the middie to the high zone has been observed at the 
H HOH same concentration. We suggest that the maximum contraction is connected 
with the existence of an open structure. in this zone of concentration of the 
alcohol (60-70%) the water aggregates are completely depolymerized, and 
at higher concentrations the mixed solvent has properties similar to those of pure ethy! 
sleohol” =Our experiments prove thas in the high zone ethanol-water mixtures do in fact show 


H,O le 
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the properties ascribed to pure alcohol. On the other hand, in miy ‘ures containing more than 
8 molecules of water for 1 molecule of alcohol (i.¢., below 30%, a’cohol) the natural structure of 
the water molecules is not disrupted, therefore such a solvent acts as pure water 

It seems to us that a study of the various structures in ethanol-water mixtures ought to 
afford an explanation of the perplexing properties of the three observed zones of concentration 
Again, these zones may be exploited for a study of problems in the solvation of ions and molecules, 
a problem which has not yet been approached successfully by other methods 

The object of the present discussion is to emphasise the problem but not to offer a final 
solution. 


DerartTMext oF Lworcanic anp ANALYTICAL CHEMISTRY, ; 
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715. Organic Fluorides. Part V. Fluorination of Hydrocarbons 
with Cobalt Trifluoride. 


By R. N. Haszecprxe and F. Suirn. 


The fluorination of hydrocarbons is more readily achieved by the use of cobalt trifluoride 
than by treatment with fluorine in the se of a catalyst. control of the conditions is 
not as critical, and polymerization and dex oye are greatly reduced. Higher yields of 
fluorocarbons are obtained from unsaturated t from saturated hydrocarbons 


Previous investigations have shown that hydrocarbons can be completely fluorinated in the 
vapour phase by the action of fluorine diluted with nitrogen in the presence of a “* catalyst " such 
as gold-plated (J., 1949, 3026; 1950, 2689, 2787) or silver-plated copper turnings (Cady ef ail., 
Ind. Eng. Chem., 1947, 39, 290). Since the catalytic method required careful control and 
at best gave relatively poor yields of the required fluorocarbon as well as undesirable 
decomposition and polymeric products, attention was directed to the development of a method 
of indirect fluorination by the use of metallic fluorides. This development was based on the 
observations of previous workers that fluorides of zinc, mercury, antimony, and silver can be 
used to replace other halogen atoms by fluorine, and that some metal fluorides such as cerium 
tetrafluoride (Léw, Ber., 1881, 14, 1145, 2441) and lead tetrafiuoride (Brauner, /., 1882, 41, 68; 
1894, 65, 393) evolve fluorine when heated (see Ruff, ‘* Die Chemie des Fluors,”’ Julius Springer, 
Berlin, 1920) 

In the present communication it is shown that cobalt trifluoride can be used for the smooth 
conversion of saturated and unsaturated hydrocarbons into the corresponding fluorocarbons, 
Cobalt trifluoride is obtained from the difluoride, dich or oxide by the action of fluorine 
at 250-300", and contains one atomic proportion of available for the fluorination 
of hydrocarbons by either substitution or both substitution and addition. The energy 
liberated during fluorination with cobalt trifluoride is less than that evolved when gaseous 
fluorine is used; the reaction is therefore less violent, decomposition and polymerisation are 
reduced, and the yields of fluorocarbon are much improved. Silver difluoride was found better 
for the stabilisation of fluoro-oils in the liquid phase, but caused more decomposition during 
vapour-phase fluorination than did cobalt trifluoride. Furthermore, silver difluoride, being 
deliquescent and unstable in moist air, was not as conve o handle (cf. McBee and Bechtol, 
Ind. Eng. Chem., 1947, 39, 380). Also, when prepare n silver chloride by the action of 
elementary fluorine it was obtained as a hard non-porous solid which offered very little surface 
area compared with the powdery cobalt trifluoride prepared as described above. The 
experiments recorded herein, and those of Fowler et al. (ibid., p. 343) (see also Benner ef al, ibid, 
p. 329) published after this work was done, demonstrate that cobalt trifluoride is a good 
fluorinating agent. The fluorides of manganese and cerium have also been used with some 
success (Fowler ef al., loc. cit.) and it seems desirable that other fluorides as well as mixtures 
of two or more of them with and without inert diluents should be examined to see whether 
still further improvement is possible 

The apparatus used for fluorination with cobalt trifluoride consisted of an electrically heated 
reactor attached to a condensing system very similar to that used for catalytic fluorination 
(see Parts 1, 111, and IV). Since the reaction is a surface one, the cobalt trifluoride was packed 
in thin layers. In early experiments the reactor consisted of a horizontal nickel tube in which 
the cobalt trifluoride was placed on metal trays. Later, a series of three reactors adjusted te 
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temperatures of 250°, 300°, and 350°, respectively, was employed. The most efficient reactor 
consisted of a vertical cylindncs! apparatus (see figure) in which there was placed a large number 
of nickel trays each contaimmng a thin layer of cobalt trifluoride. 

The use of an inert gas such as nitrogen to transport the hydrocarbon proved unsatisfactory 
since the contact time was reduced and fluorination did not proceed to completion. Further- 
more, & carrier gas increased the entrainment of finely divided cobalt trifluoride and this 
eventually blocked the exit tube. The product te be fluorinated was, therefore, added as a 
hquid and vapourized immediately upon entering the reactor. 

The main factors affecting the yield of fluorocarbons were similar to those found important 
in the catalytic process, namely, reaction temperature, vapour velocity, and the nature of the 
compound to be fluorinated, but they were neither as well defined nor as critical as with the 
catalytic method. The cobalt triflueride method has been used to produce perfluoro-compounds 
from aliphatic and alicyclic hydrocarbons and from aromatic hydrocarbons containing one or 
two ring systems. The optimum conditions for complete fluorination were determined as in 
the case of the catalytic process. A temperature of 350° was suitable for the fluorination of 
most hydrocarbons while the best yields of hydrofluorocarbons required for polymerisation 
tests were obtained at about 250° 

The catalytic method of fluorimation using elementary fluorine caused considerable cleavage 
of carbon-carbon double bonds when applied to unsaturated aliphatic or aromatic compounds, 
and it was shown that the use of dimethyleyclohexane instead of xylene as starting material led 
to greatly improved yields of perfluorodimethyleycohexane. This effect was not observed in 
the cobalt trifluoride process. In fact, the contrary applied; ¢g., dimethyleycdohexane gave 
rise to 62% of its weight, whereas xylene yielded 96°, of its weight, of perfluorodimethyleyde- 
hexane. This significant observation was confirmed with ethylbenzene and ethylcyclohexane, 
the former giving a considerably higher yield of perfluoroethyleyclohexane. Further, ethy!- 
benzene is somewhat better than xylene as a starting product for the production of a C,F,, 
compound 

It then became of interest to ascertain the better procedure for conversion of ethylbenzene 
into perfluoroethyleyclohexane. The first procedure was to pass ethylbenzene over cobalt 
trifluoride at 350° to complete the fluorination as far as possible by one treatment; small 
amounts of hydrofluorocarben could be recycled. In the second procedure the ethylbenzene 
was allowed to react with cobalt trifluoride first at 250° to give mainly hydrofluocrecarbon 
together with small amounts of completely fluorinated product, and then at 350° to complete 
the fluorination. A comparison showed that the one-step process was the better. Similar 
results were obtained with xylene 

The cobalt triflacride method, like the catalytic method of fluorination, was not particularly 
successful in the conversion of o-xylene into perfluoro-1 : 2-dimethyleyclohexane and only smail 
yields of product were obtained (cf. Fowler ef al., Ind. Eng. Chem., 1947, 39, 292). Cobalt 
trifluoride converted mesitylene and ¢-cumene into perfluoro-1 : 3: 5- and -1 : 2: 4-trimethy!- 
cyclohexane, respectively. Although the physical properties of the latter were approximately 
the same as those of the former product the compound was not isolated in a pure state. Cobalt 
trifluoride produced perfluoromethyleyclohexane from toluene and benzotrifluoride, and 
perfluoromethy!-4-1sopropyleyclohexane from p-cymene, but the method was not so satisfactory 
with w-propyl- and #-butyl-eyclohexane, although even in these cases products with 
approximately the expected properties retulted 

The melting point of naphthalene precluded its use alone but a solution of it in tetrahydro- 
naphthalene was suitable for fluorination. Having a low m. p. (35°), 2-methylnaphthalene 
could be added directly to the reactor In both cases the yields of the corresponding perfluoro- 
carbon were satisfactory 

The decomposition products resulting from the action of cobalt trifluoride on xylene 
contained small amounts of perfluorocyclohexane and perfluoromethyicyciohexane 

Cleavage of methy! groups also took place during the fluorination of trimethylbenzenes since 
perfluoromethylevelohexane and perfluorodimethyleyclohexane were identified in the reaction 
products. It is thas apparent that even under the improved conditions of fluorination provided 
by cobalt trifluoride, it is difficult to avoid some cleavage of side-chain methyl groups. There 
is thus an analogy between fluorination and photochemical chlorination of alkylbenzenes 

where the alkyl group is not methyl!) inasmuch as both reactions involve free radicals and 
bring about side-chain halogenolysis 

The paraffin hydrocarbons (¢ g., 2: 2: 3-trimethylbutane, #-octane, m-nonane) underwent 
smooth @ucorination with cobalt trifluoride to perfluoro-derivatives. Perfluorononane was also 
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produced by simultaneous cleavage as a by-product in the fluorination of #-~<lecene. 
Mluonnation of either n-decane or m-decene 





perfi 
and -hexadecane (cetane) were isolated. Fluorination of cetane was accompanied by some 
central cleavage of the molecule giving perfluoro-octane. 


EXPERIMENTAL. 


ro a agg (a) Horizontal reactor, This was made from a nickel tube (30° = 3°) and was heated 
electrically. The cobalt trifluoride was placed in two pairs of trays placed one above the other. The 
tice eS ee aioe 

ao fluorination, 175 g. of fluorine were available for reaction 

) Graded- « horizontal reactors. Three reactors were joined in series and each could be 

otjuaies to any desired tom ture. The first two were 28° « 2) and the third was 36” = If” 
The three cenctens were fitted with deflector plates and trays 
carrying cobalt trifluoride capable of 200 ¢. of 
available fluorine | j 


\ 

(c) Vertical reactor (see figure). This to be the 
most efficient type of static apparatus. It consisted of ‘« 
vertical copper or, preferably, nickel tube 36° = 44”, closed G, © 
by a nickel or ce plate C bolted to a flange and sealed » 
with a copper on gasket. 
welded two copper tubes (G 
which carried the cobalt trifluoride were fixed on a central 
Se ee for the trays and as 
a thermometer-well (f). tra tted snugly to the side 
of the reactor and each L won dition with ai hole. Into each 
hole a }° length of steel he See eS ere eee 

he 





cobalt difluoride which when fully fluorinated provided 
of available fluorine 





Traps. The trap system used to collect the fluorinated 
products from = | of the three t of reactor consisted of 
a small nickel tube F x 1”) to collect wa 


boiling products, and two o U tubes 
parallel and cooled in solid se. aeranget All 


connections used in these reactors were made with § copper 
tubing 


Procedure.—-With the vertical reactor, the hydrocarbon 
was added from a 10-c.c. microburette into a glass tube S 
awe to B with a copper-glass joint. The tube S acted asa 
iquid seal and as a manometer to indicate blockages in the 
system. With tube B closed and a temperature of 300°, fluorine was introduced through G, until 
the cobalt difluoride had been completely converted into trifluoride and fluorine msued freely from the 
exit tube. The excess of fluorine was then swept out with a slow stream of dry nitrogen. The trap 
system was connected at G,, and seal S at B, and the reactor was adjusted to the desired temperature 


After each fluorination the product collected in the trap system was washed with water to remove 
acid, and thea with ethanol to remove hydrofivorocarbon. The latter was recovered by pouring the 
alcoholic extract into water. The alcohol-soluble and the alcohol-insoluble fractions were washed with 
water, dried, and distilled. The alcohol-soluble products consisted of a mixture of hydrofluctocarbons 
containing the same number of carbon atoms as, or fewer than, the hydrocarbon subjected to fluorination 
The alcohol-insoluble fraction consisted mainly of fully fluorinated compounds together with a smal! 
amount of hydrofluorocarbon. The fully fluorinated compounds were ted by distillation into 
ym i850, Ses and the required fluorocarbon. latter was then purified as described in 
a. ur Jind At the end of an experiment, the cobalt trifluoride was regewerated with 

uorine at 300 

Finerination im the Horizontal Reactor—(a) Technical xylene. The preliminary experiments were 
conducted with xylene, since perflucrodimethy! yelohexane had already been prepared by the action of 
fluorine on xylene and on hyley in the presence of gold-plated copper turnings (Part II!) 

very critical since the yields at 340° and 360° were almost the same, but 
Seat ha taanniion ans nites che there was more decomposition 
hydrocarbon was added slowly. High rates of ition or 
intermittent additions gave poor yields of perflucrodimethyleyclohexane. 














Haszeldine and Smith : 








temp. 350", rate 


19-3 comstants are in good agresmeat with 
the analytic method {Pe (Part Il). 


fucrinated sylene. When xylene (59 g.) was passed at 


(a) Preparation and sof 

= Som Se RE ok ey gg) DL Ry 
edtained whi veded 74-8 @ of party eee p. > 105° ing to C,H,F, by 
refractometric analysis. When freshly hydrofluorocarbon was but on 

ctamnge © tonal upper bayer of materiel Sloe Gunes dl teeta, cpanel 
fluorinated act from 100 g. of xylene was then re-floorinated at 350° and the condensate 
by distillat inte (a) crude perfluorodimethylevcichexane, C,F,,, (6) bydrofluorocarbon. 
and (c) decomposition products. The process of recycling the hydrofluorocarbon was repeated twice, 

giving a total of 110 g. of C,F,, 


Placrination of 100 g. of xylene at 350° followed two re-treatments of the y fluorinated 
material at 350° gave a total of 125g. of C.F... It will be seen that this direct ure gave a better 
yield than the above indirect method, and one stage less was required to accomplich | it 


(b) o Xylene. o Xylene (35 g.), fluorinated at 250° during 3 hours, gave a crude product (73-5 g.) of 
which a portion (65 ¢) was re-treated at A /hour at 350°, The crude product (59-8 g.) gave upon 
distillation fractions (1) 68g. ea ic. ren b. p. 3-100"; (2) 151 ¢g., crude fluoro- 
1: 2-dimethyleve/ohexane, b. p 100 a) partly fluorinated material, b. p. 102150". The 
wide boiling range of the required = aA IT fraction 2, indicated that the latter was less pure 
than the C,F,, previously prepared from technical xylene. The — range of fraction 2 was not 
narrowed after it had been treated with uranium hexafluoride, physical constants of the 
perflaore-I : 2-dimethyleyelohexane (b. p. 100—102°, aff 1-284, < zr 1- se yi 15-5 dynesjcm.) are 
therefore quoted with reserve (cf. Fowler ef al., Ind. Eng. Chem., 375) 

(c) 1: 3-Demethyicycloherane, Experiments carried out in mss manner already described showed 
that a relatively slow addition of the hydrocarbon (10 ¢.c_/hour) and a temperature of 350° gave the 
best results The recovery and efficiency were about the same as those obtained during the fluormation 
of m-xylene, but the percentage of C,F |, wasapprectably less. After recovery of some perfluorodimethy! 
cyclohexane from the decomposition products the total crude C,F,, (79-7 g.), on purification, yielded 
perflucrodimethyleyclohexane (50-8 g.), corresponding to 62% by weight of the dimethyleyelohexane 
used and to 34%, by weight of the total fucrocarben produced. 


Comparison of these resulta with those obtained by the fluorination of xylene shows the advantage of 
using an aromatic compound. More of the desired perfluorodimethyleycichexane is prodaced, less 
decomposition occurs, and less cobalt triftuorkle is required to carry out the reaction. These results are 
ia direct contrast with those obtained by vapour-phase catalytic fluorination (see /.. 1950, 2689 2787). 


(a) Ethylbensene, This was an alternative to xylene for the production of a C,F,, fluorocarbon, and 
a considerable number of experiments was carried out in order to ascertain its usefulness as a starting 
product. Variation of the rate of hydrocarbon addition did not affect either the efficiency or the 
recevery. The optimum yield was produced on addition of 10 c.c./hour at 360". Fractional distillation 
af the products from 116g of ethylbenzene afforded 100 g. of perfluoroethyleyclohexane (85% ty weight 
of the ethylbenzene used). The purified product had b. p. 101-5", f. p. —60°, df 1-826, nfF 1-283 


Partial fluorination of 100 g. of ethylbenzene at 250° followed by two re-treatments at 350° gave 
127 ¢ of crude fluorocarbon from which 114. of perfluoroethyleyelohexane were obtained. Fluorination 
of 100 g. of ethylbenzene at 350° followed by two re-treatments of the partly fluorinated hydrocarbon 
gave 170 g. of crude fucrocarbon which in turn afforded 150 g. of perflucroethyleyclohexane 

Comparison of these results with those from the xylene experiments ((b) above) demonstrates (see 
table below) that ethylbenzene is better than xylene for preparation of a C,F,, fluorocarbon 


Yy told of ¢ Fue (g.) by 


Starting material initial fluorination at 30 initial fluormats 7” at 260 
(100 @) and 2 recycles at 350 and 2 recycles at 350° 
\ vlene 125 110 
Kthvibenzene 1» ll4 


(e) Ethyleycloderane. This proved to be inferior to ethylbenzene for the preparation of a C,F,, 
fluorocarbon. Thes at 350° ethylevelohexane (15 ¢.), added at 20 «.c. ‘hour, gave a crude fluorinated 
product (40 ¢., efficiency 75) which on fractional distillation afforded fractions (4) decomposition 
prodects, 7-8 ¢.. (6) crude perfluoroethyleyciohexane, C,F,,. 15-5 g¢.. b 100.102", and (c) bydro 
tuorecarbon, 11 g.. recevery 227. Purification of crude ‘perfluoroethyleve ohexane (72-5 g.) yielded the 
pure fuorocarhben (46-0 ¢.) 


Wt. of crude fluorocarbon condensate 


- - om 
Theoretical wt. of product os 


Efficiency 
Wt. of total @ucrocarbon distillate 


low 
Wt. of hydrocarbon 
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(f) Mesitylene. At the optimem temperature of 350° api with a low addition rate (5 ¢.c./hour) 
mesitylene (44 g.) gave a crude fluorinated product (120 g., efficiency 73) of which 86% was insoluble 
in eiienthand Inet etch abate 


73-5 g.), b. p. 120-—128", 
awh my bel a mnctte, By ss oem 9 


of the 


Factonal distillation of the decomposition prodacta (32. 5 
small amounts of 
of egies ©. Sar ahah kt 
distilling at about 50° crystallised in the condenser and 
inouthcbent material was avadabie for ite Weatity to be eatabliahed completely 





—_ similar to those with mesitylene 
Gs, recovery 231) at 380° (addition © ce, ‘hour 
‘material boiling between 





of perfluoro. 

leyeloh helt b. p. 123125", ' 186s, y* 173 dynes/cm.. 

. With the exception of the b. p. correspond closely to those of 

: &-trimethyleyclohexane. It is of interest that the two-degree range in the b. p. was also 

i ts le of this material made by the action of fluorine on ¢-cumene in the presence of a 

gold catalyst (Part 11D). 

Fluorination with the Graded-temperature Reactor.—-(a) Octane. When »-octane (33 g.) was passed at 
9 c.c. /hour through the reactors adjusted to 250°, 300°, and 350°, a crude 
Distillation of this material whew any meee’ material, b. p. »— oe 


crude 
' AF S. 35). b ‘% toa ea a ie ym 37 : | B08 mnillipuices 
uoro-octane (4 x vnes/cm., 7”, 14 
Found: C, 21-3; F, Thves: Se + M, a for C,F,,: C, 21-0; PF, 137 dees M, abs. 

(b) Dodecane. > gain Ponce <i wb daipsant: mag: debydration with 
syrupy acid and hydrogenation of the dodecene over Rancy nickel. the three reactors 
adjusted to 280°, 330°, and 380° successively, 20 g. of dodecane gave 15-8 g. of solid (collected in trap F) 
and 18-2 g. (collected in the U tubes) (efficiency, . 





Fractional distillation of the combined products followed treatmen 
and a further fractional distillation oF papereteaoume ¢ (165 ae 
rec isation from carbon tet , 
70, >** 10-6 dynesicm., 9” 13-1 miitipates (Reena: Cc, 223; -e, 77-1. 
22-6; F, 77-4%). 
(c) 2- See nehietns. The m. P OF) SES eee ene) Rena nea 
to be added from a microburette which warmed. The best 





7 g./bour, gave a crude 
95% of the total y 
fluorocarbon 


most 
ve fractions | 1) decomposition products, 11-2 g., (2) C,,F. db. p. 165— 165°, 49-0 ¢., and 
(3) tee ot ete 1-8 g. recone 173). 2 a tas - 


Purification of 203 g. of crude ee pam Gee ), b. 
100.5°, af 1.313, 1: is 2 Uyaelem. 9 Jem qb one miiipotons Pound Cc 3h0; F fs. 
74-24 el Bochtl (Ind Eig: Choe ioe7, BB. 300) tecsed'b. p 10 
Tal=t: pc eo", oe Lames 7 ae 
Fluorination with the Petia Meeks de i) Toluene. When toluene (31 g.) was introduced at 
9 c.c./hour into the reactor adjusted te 300°, ee eT ae effic: 64) was obtained of 
which 01% was we =I in akcobol. Facsempechies ye 16-5 ¢ 
a ta b a bp. 110 and (ti Wydrebemerarton' Oe g. (recovery. 
(a, ii) Benzotrifiuoride. At 350°, poy fy .) added at 12 c.c./hour gave a crude product 
g.. efficiency, 79), 93% of which was insoluble Distillation of the crude gave 
ection: (1) decomposition products, 123 g., (2) codiacmenaniedivenans, 72-0 ., b. p. 74-—78", and 
(3) hydrofluorocarbon, wt 
Purification of . 14—78" ( Dh, ye eed = benzotrifluoride afforded 
perfluorometh (163 g.), = 62°, {. p. —37°, “are 276, ar 786, — 
TF 184 mitpowe (Found e Fig 18 e), Calc. for C.F, FP, 760%; 
bw meant This was ce ecw ep cre te wa prt 
Mesityiene and ¢-cumene that isomeric fluorocarbons show only slight in 
Nest cunlied cut of S50" and Olthi on Saduion sone of 


&- ose ee nnd 7 we at efficienc, 
3 dhe, rat [ice mpemtin prota 


b. p. 120—127°, and 
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Purification of a total of 125 g. of crude fucrocarbon lcyclos » CF ie 


ag i = 


» 8 eae ne renee 'C, 235%; M, 445. CF, requires 


Pg ey hind J ifs p.sctncy 60) of which, 98% was insluble te ached 
product 


Distilleticn of crude paebin tote ts Sse? Renin 
CE erawal at at rea ae 


Perr aptaychacrone chy (O35) P- i Fa a wg parted wpe 
aso! cree t ’ as Perna OS 9) » ao ph ang ow 


Fractional af the pentect que tnetans:' 


a > dnmpatiien ps 
crude parfoe eth yl-4-+4 34-2 g.. b. p. 143-—148", and (3) by 
7-2.q. (recovery, 210). 


Thus an increase in hydrocarbon addition caused a decrease in the yield of the ‘ flucrocarbon, 
aad an increase in the amount of the hydrofiuorocarbon and of the decompositior 


Purification of 208 g. of crude C See ads monn date cuisines Mend: C'tea: 
146-5", f +5", 1-2065, 1-902 17-5 jem 29-5 millipowses (Found 
P 155%! Me aot, CoV requires C, 260) F100% Ae oS 
A saturated solution of 
— coal is /hour) 
c£.; 
bh mixture . 
ethanol. Practiogah 
bp — “74 @. ot exer 270). Purification of « 
#4 traction 2 ve perfluorodecah ydronaphthalene, pena bpd Aad 9 141-9", f. p. —14", 
1-920, tek avconten. 9g” 51-4 millipoises (cf. Grosse and Cady, Ind. Bug. Chem., 1947, 








ane (18) 


products (1-7 g.), wad (3) erede pert y 
B..-— RAKE of fraction 2 with uranium hexafluoride followed by 
yibutane, b. p. 82-2", f. p. —80°, «ff 1-267, @* 1-741, 
sas. C for CF ve C, 21-65; F, 79-35%; M, 
1-26 





intillation ga 

#1 milipeiaes (Found oa 21. Ten. 7? ne 

‘ and loe. eit., rand bP , & 1-7535, af 
by hydrogenation of nonene, wich was produced trom sons! 

acid. The best yields of 

. . In this manner nonane ( ") afforded a crude 
Suorocarbon (65 g., efficiency, 75) 50% of which was insoluble in alcohol. of the crude 
material gs Fe Seseee Pen Se . (2) crude perfluorononane, 30-0 g., b. p 


122-127", and (3) hydrofluorocarbon, 25-0 g. (recovery ‘ 

During the ts which afforded these was observed that a slight increase in 
temperature with a cx me in the. vase te of hydrocarbon addition caused little 
change in the yield of the deri = h more decomposition occurred. Lower 
reaction ¢ atures (300°) It in a decrease in the yield of perfucrvmonane and an increase in 
that of hydrofluorocarbon (fraction 3). At the optimum temperature (350°) a decrease tn the rate of 
addition of hydrocarbon causes more decomposition — a pi fluctinated materials (fraction 3) can 
be reeyeled (4 ¢.c. /hour) at 350° to give addit of perflucrononane 








Purification of crude uorononane ( 177 ht of the nonane used) yielded perfluoro 
nonane (126 g.), b. p. 126-3", f. p. —16°, Pike a by sreght of the nomane 9” 181 millipoises. It 
is believed that these figures are more accurate ‘a those quoted previously (Musgrave and Smith, 
J.. 1949, 3021) (Found: C, 220; F, 77-3%; M, 483. Cale. for C\F,.: C, 22-1; F, 77-90%; M, 488) 

(h) m-Desane. The decane was prepared from sec alcohol by the method used for preparing 
nonane from nonyl alcohol Under optimum conditions and 3 c.c. hour), decane (24 g.) gave a 
crude — (49-4 ¢.; efficiency, 55) 76%, of which was insoluble in ethanol. Pustillation of the fluoro- 
——— ry fractions : (1) omposition products, 15-7 g., (2) perfluorodecane, 25-5 g., b. p. 140-- 
147°, and hydroftuerocarbon, 1:3 g. (recovery, 177) 

Decreasing the bey me me by 20..30° of imereasing the rate of hydrocarbon addition to 
46 ¢.<. /hour reduced the efhcsency and increased the yield of hydroflucrocarbon. On raising of the 
temperature to 400° and of the rate of addition to 16 ¢.c. hour the efficiency fell to 32 and the recovery 
to 110, while the yield of crude perfluorodecane was reduced by 40%. 

For decene at 380° the efficiency (65) with an addition rate of 9c c. ‘hour compared favourably with 
the best efficiencies recorded for decane. 


Purthcation of the crude fluorocarbon (fraction 2. 200g. total) from either decane or decene afforded 
perfilucrodecane, Cul y. b. p. 1463-01466", which crystallised spontaneously. After recrystallisation 





ne ee ee ee 


PB laa aA A se 


Santieamanen aad is accompanied central clea of the molecule since 
(bd. p. 103—106°, aff, 1-272, ‘a7 at 78, y* 13-7 jem.) was amongst the products. 
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716. The Reaction between Phenol and Ethylene Oxide. 
By Samuet A. Muier, Beawanp Bann, and Ronatp D. Turownn. 


Ethylene oxide has been treated with phenol in glass apparatus at super-atmospheric 
pruuate ot 190—210° im the presence of a little sodium phenoxide. The reaction proceeds 
RN NN ee ee ee eae ee 
ethers of polyoxyethylene dy yy ore Senet, ane Go separ 
mixture, at least as far oe neabe. 


2117) to proceed much more rapidly in the presence of an alkali, and they studied the kinetics 
of the reaction of phenol with one molar equivalent of ethylene oxide in alcoholic solution at 
50— 100°, showing that reaction takes place wa the phenoxy-ion, as follows : 


CHy H,OC,H, 
| P+ Chor > 
CH, ; O~ 
Smith (J. Amer. Chem. Soc., 1940, 68, 994) described the reaction of equimolar quantities 


has also been carried out with sulphuric acid as a catalyst (Fourneau and Ribas, Bull. Soc. chim., 
1926, 39, 1584; Smith and Niederl, J. Amer. Chem. Soc., 1931, 58, 806). The mechanism of the 
sranion in tin ense ls stated to ts ale the ntenmedinte formation of hydennyatby! brdrugse 
sulphate, OH-CH,-CH,SO,H. The reaction of ethylene oxide with alkylphenols to 

pie Rig nas pegs ape ae fang ton ne + acy 2,075,014; B.P. 463,091). The 
reaction is carried out with powdered sodium hydroxide as catalyst in dry ethanol, first at 
10—-15", then at 50-—55°, and finally at 80—82°, the yield being 91%. The condensation of 
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alkylphenols with several molar equivalents of ethylene oxide is described in a number of patent 
specifications and reports on German industry (¢ ¢, BP. 452,866, 470,181, 470,809, 457,669, 
all to 1G. Parbenind.; BP. 594,475—9, to Rohm and Haas; U.S.P. 2,158,957/8 to Dow 
Chem. Co.; B.1.0.S. Pinal Reports Nos. 418 and 1483 and Misc. Report No. 11; FLAT 
Final Report No. 1141) 

The reactions are normally carried out at 210°, sodium hydroxide being used as catalyst, 
and ethylene oxide injected under pressure into the reaction mixture 

The products obtained im such reactions consist of mixtures of phenyl! ethers of polyoxy 
ethylene glycols, which can be formulated as Ph-O-CH,(CH,O-CH,),. “CH OH, where a is 
the number of ethylene oxide units condensed on to the phenol, and is commonly defined as 
“ the ethylene oxide chain length “ of the “ polyglycol ether.” Studies of the distribution of 
products of various chain lengths in the mixture have not been described in the literature, either 
on a theoretical or on an experimental basis, but the case of the condensation of ethylene oxide 
with glycol (or water) has been considered theoretically by Flory (!. Amer. Chem. Soc., 1940 
62, 1561), who showed that Poisson's distribution should apply. No experimental! confirmation 
has been published, but this conclusion has been used to predict the composition of the 
commercial product “ Polygiyeol 400” (Carbide and Carbon Chemicals Corp., “ Carbowax 
Compounds and Polyethylene Glycols,”’ 1946) 

Ethylene oxide condensations proceed exclusively by the addition of single units of 

monomer" (i.¢.,, ethylene oxide) to molecules possessing the propagating functional group 

(usually OH, but also SH, or NH). Thus, if the mitial species is m,, and bears the propagating 
functional group, m is ethylene oxide, and m, is the product formed from m, and (# — 1) 
ethylene oxide molecules, the polymerisation can be indicated as follows 


om = 

n,-——> mM, >m, etc. -—> m, 
Keaction of the type m, m,-—> m,, does not occur This is im direct contrast to the case 
of condensation polymerisation, where this reaction does take place, * and y being integers of 
any size from | to infinity, It has been demonstrated in the case of polyesterification that all 
these reactions proceed with equal ease (idem, ibid., 1939, 61, 3334) 

Mark ( The Chemistry of Large Molecules "’) has stated that “ It is not known to what 
extent the collision factor and the activation energy of the reaction step depend upon the chain 
length of the alcohol, but by analogy with the polycondensation processes one would be induced 
to conclude that it depends but little.” 

Flory's derivation of the distribution of chain lengths can be simplified as follows. It is 
. based on the following two assumptions: (@) That the total number of molecules possessing the 
propagating functional group remains constant, i.¢., that each addition of monomer regenerates 
euch a group (6) That the chains are built up by a sequence of kinetically identical steps. 

If m, is the number of molecules at any time f of the species m,, then 

dn, dt fm, . , » 4h 
where f is a tactor depending upon the kinetics of the process, and the manner in which it is 
performed; / will be a function of the velocity constant, the concentration of ethylene oxide, 
time, and the total number of propagating molecules N (« Xw,). In view of assumption (5), 
the rate at which m, is comyerted into m, at the same instant will similarly be /r, 
Hence ' 

du, /dt fu, [Ms 
and 

du, dt Wey fn (2) 

lf m is the number of molecules of ethylene oxide present, then, since the consumption of 
ethylene oxide proceeds at a rate equal to the total reaction rates of the propagating molecules 


cm df bt . (3) 


[a vfs dt 


~, 


¢., 
® 


. 


Ife «5 the mean chain length at time ¢, v is the ratio of ethylene oxide consumed at time { to the 
total number of propagating molecules, t¢., 


‘ 
v (mg —- ™m)'N / f.dt 


~ 
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Substituting for f from (4) in (1) and (2), we have 
dn, = m, . de 


‘ 


and 
dn, = (M4 m,)cs 
From (5): 


whence 
log #,/N = vand #, « Ne-* 


Insertion of this value for #, in equation (6) when + — 2, and integration of the resulting 
equation gives n, =< Nve~*; similarly for x « 3, m, = (Ne*/2!)e~*, and continuation of the same 
process gives the genera! solution 


(7) 


Equation (7) is thus a general expression for mole-fraction distribution. It can be modified 
into terms of weight-fraction distribution, as follows 

If M is the molecular weight of the initial material, M, that of a product of chain length 
* units, and W, is the weight-fraction of product of chain length » units, then 44 being the 
molecular weight of ethylene oxide, we have 


W, = Mn, /ZM,n, © M.n,/(M + 440)N 


M, 
 M + 440° We — I)! 


(8) 


The present investigation was concerned with testing the applicability of equation (8) to the 
reaction products between phenol and ethylene oxide 

The procedure adopted was to treat phenol (or one of the lower ethers) with ethylene oxide 
at 190-210° and a super-atmospheric pressure of about 600 mm. im the presence of 0°05 equiv 
(on the phenol or ether) of sodium or sodium hydroxide. The reaction product was then 
neutralised with sulphuric acid, and fractionally distilled. The fractions of constant boiling 
point were identified by their boiling point and refractive index; the intermediate fractions 
were analysed by determining their refractive index, and direct interpolation from calibration 
curves, constructed from known mixtures, which were prepared once samples of the known 
individuals were tohand. Fairly pure samples of the monopheny! ethers of the polyoxyethylene 
glycols up to the fifth member in the series were obtained during the course of the work, and 
these were redistilled until pure specimens were obtained for the purpose of constructing 
the calibration curves referred to above 

The condensation of the first molecule of ethylene oxide with phenol was examined first by 
using one equivalent of ethylene oxide or less. It was found in all these cases that continued 
distillation of the product of reaction gave no material of higher boiling point than phenoxy 
ethanol. The results of four experiments are shown in the following table, and the amount of 
unchanged phenol in the product is calculated on the basis that al! the ethylene oxide is consumed 
solely by reaction to give phenoxyethanol. When sodium hydroxide was used as catalyst, but 
not when sodium was used, traces of ethylene glycol were also formed This accounts for the 
better agreement between found and calculated values for unchanged phenol in the latter 
experiment 

Reaction of phenol with 1 mol. or less of ethylene oxide 

Unchanged phenol. 


Expt Catalyst CHO CHO Condn. rate: mols 
No Type Mol.-% molar C,H,O/mol. ‘hr Found, % Cak 6 


o 


0/3 NaOH 4 108 2 i 0 

OM NaOH 4 Oa 146 11-7 
05 Na 1 0-755 193 iL eu 
06 Na 0 0-944 37 30 


Phenoxyethanol was then condensed with just less than its equivalent of ethylene oxide 
In these cases it was found that the products consisted of a mixture of ethers, and the weight 
distribution was calculated from equation (8), by substituting M « 138, the molecular weight 
of phenoxyethanol, and 1 0-905, the molar ratio of ethylene oxide to phenoxyethanol used 
The results were as follows 











3626 Miller, Bann, and Thrower . 


Production of ethers, PwOrCHy CHyO-CH,),. “CHyOH, from phenoxyethanol. 
Expt. No 1/3. 1/4 

Catalyst, nature ' N Na Na 
Catalyst, mol. 4, ... ow 
CHO Phenoayethanol, molar 0-905 
: rate, mols. C,H,O mol. /hr 24 
Prodact analysis 

ov it% 26-5 

ow 2, %, 

e>2.% wone 263 


Further studies were carried out with a variety of initial ethers, the product being examined 
im each case for one or two main constituents. The calculation of results was based on the 
supposition that, starting with phenol itself, the first molecule of ethylene oxide reacts completely 
preferentially with the phenol, but that thereafter the conditions which form the basis for the 
derivation of equation (8) apply, i¢., that the chains are built up by a sequence of kinetically 
identical steps, each addition of monomer regenerating the functional hydroxy! group. The 
results are given below , in three cases, pairs‘of products were combined for fractionation. 


Condensation of ethylene oxide with monophenyl ethers of polyoxyethylene glycols 
Product analysis 
Found, %. Cale., %. 
0 0 
8-8 


Reactant CHO Na, Cond. rate, mols 
mols mols. % C,H,O mol. ‘hr 
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In a further experiment phenol was treated with a larger amount of ethylene oxide, and the 
product obtained analysed the more fully. The calculated distribut).» given below assumes 
as before that no condensation of ethylene oxide with an ether occurs until the phenol is 
completely converted into the first member, and that thereafter all the ethers compete for 
ethylene oxide on equal terms 


Condensation of 3°43 moles of ethylene oxide with phenol, Weight distribution of 
PheO-CH, CHyO-CH,),. ~CHyOH 
* 
Found 
Cak 


o 
o 
o 
o 


It was not posuble te carry out parallel work with alkylated phenols, as the separation of 
the various ethers in each case by fractional distillation becomes difficult. It was possible, 
however, to test whether formation of the first member of the ether series is completely 
preferential This was done by using just less than the equivalent amount of ethylene oxide, 
and examining the amount of unchanged alkylphenol in the product. The results were as 
follows 


Condensation of ethylene oxide with alkylphenols 


CHO Na. Condn. rate, mols, “®cbanged alkyipheno! 
Vikvipheno! mols. mols.%. C,H,O/mol br Found, %. Cale, % 
O-n6 1-45 , 10-7 
3. 3-Tetramethyibutyiphenoi 0-975 1-47 None 
i’: 3: 3'-Tetramethy!batyl-c-cresol 0-756 145 23 


Following the reaction mechanism of Boyd and Marie (Joc. c1t.), with which the above results 


are in agreement, the first stage in the reaction of ethylene oxide with phenol in presence of 
alkaline catalysts is to form the ion of phenoxyethanol (see p. 3623). So long as any unreacted 
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phenol is present, the next step must be proton transfer between this ion and the phenol 
molecule : 


C,HyO-CH,CH,O- + C,HyOH —> C,HyO-CHYCH,OH + CHyO- 


When all of the phenol preseyt has reacted, the alkoxy! ion then proceeds to react, and form 
the ion of the next member in the series of ethers. Since this does not initiate a chain reaction 
it must be followed by interaction of the ion with an vn-ionised molecule of hydroxy-ether, not 
necessarily of the same chain length. Thus 

. = . . . , CH,—cH, ‘ : . “ 

C,HyCHy(CHyO-CH,),. ~CHyO™ + NO” —> C Hy CHy(CHyO-CH,), CHO 

C,HyCHy(CH,-0-CH,), CHO” + C,HyO-CH,|CH,O-CH,), CH, OH ——> 
C HyCH, (CH, O-CH,),CH,OH + CHyeOCHy CHyO-CH,) yCH,Q” 


The latter reaction can be brought about by any un-ionised molecule, and the value of # is 
determined in any individual case By the laws of probability, and thus depends on the mole- 
fraction of any given polymer present at the time. In other words; once the phenol has reacted 
completely, all the hydroxy! groups are equivalent, irrespective of the length of the oxyethylene 
cham separating them from the aromatic nucleus. 


EXPERIMENTAL. 


The apparatus used to a out the reactions at super-atmospheric pressure is shown 
tically in the accompan ry Fy ete which is largely self-explanatory; the temperature of 

the ethylene oxide Glinine was ke was kept at the reaction flask was of 500 ml. capacity, and the 
limiting pressure was 760 mm. above atmospheric. 


23 22 2 






























































| Needle valve for ethylene oxide control 
in. 1D. pressure tubing 
loaded stopcock 
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The reaction vesse] was heated electrically. On the scale used it was not necessary to coo! the 
reactor artificially whea the reaction was in progress, the voltage supplied to the electric heater being 
controtied by a Variac transformer. Ali the junctions on the ethylene oxide inlet side of the a tus 
were made as glass-to-glass butt joints, the rubber tubing serving only as a seal, and the & were 
lifted at an oblique angle to the apparatus, to prevent any contamination of the feed from the rubber 
tubing (in which the ethylene oxide might otherwise condense as liquid). All the rubber junctons were 
wired 


in a typical ran, 188 g. of phenol were charged into the reactor, and the air in the apparatus displaced 
with nitragen. Freshly cut metallic sodium (0-25 g.) was aided, the stirrer attached, and the sodium 
dissolved on warming to about 60°, still in a current of nitrogen. The mixture was then heated to 
> 60", ethylene oxide passed in to displace the nitrogen, the system then closed, and the feed adjusted so 
i to maintain a pressure of 600 mm, with a reaction temperature of 190-210 The requisite amount 
, 


a_fl ethylene oxide having previously been weighed into the feed cylinder, the reaction was complete when 





it was no longer possible to raise the pressure in the system even by opening the cylinder valve fully. The 
reaction product was neutralised by the addition of 40% sulphur acid equivalent to the sodium taken 
and then fractionally distilled through a column packed with Fenske glass helices, equivalent to 14 
theoretical! plates 


The purified pheny! ethers isolated are tabulated below 


Monopheny! ethers of polyoxyethylene glycols, PheOCHy CHyO-CH,),. "CH, OH. 


" 1 3 
B. p. mm i270 Ss 9 ino 8 
at 1 5370 5: 1 oiea 
1108 f 1-120 
Found, C. %, ou3 634 
‘ HM’ 74 s4 
, M 230 
Cax., & % 6Os 637 
o ms 73 a0 
M : 


In water lasso! 
The second member of the series and water emulsified when shaken The molecular weights were 
determined ebullioscoprcally in benzene 


The authors thank the Directors of the British Oxygen Company Ltd. for permission to publish 
this paper 
Recewed, July 28th, 1950 


717. Studies on Compounds Related to Auxin-a and Aurin-b. 
Part 11. Preparation of Analogues of Auxin-b Lactone. 


By H. B. Hexwesr and E. R. H. Jonsgs. 


Starting from S-hydroxy-af-acetylenic acids, analogues of auxin-b lactone have been 
prepared, containing phenyl, propeny!, and spiroeyclohexy! groups in place of the di-sec.-buty! 
éevelopentenyv! group he phenyl analogue has been shown to be identical with “ cimnamoy 
acetic ackl prepared by SchOpf and Thoerfelder (A enalen, 1935, §18, 217) from benzaldehyde 
and acetonedicarboxylic acid. Authentic cimmamoylacetic acid has been prepared by two 
methais. Some reactions of the pheny! analogue are described 


[un preparation of analogues of auxin-b lactone ‘auxin-b (1), as formulated by Kdgl, Haagen 
Smit, and Erxleben, Z. physiol. Chem., 1934, 225, 215) containing pheny! and propenyl groups 
in place of the di-sec.-butyleyeclopenteny! radical was undertaken to find out whether the methods 
employed in the preparation of the methy! analogue (Part I; Jones and Whiting, /., 1949, 1419) 
could be extended to the synthesis of compounds more closely related to auxin-b. Such 
methods would then be applicable to the preparation of the cyclopenteny! analogue 
ef. succeeding papet), and eventually to the synthesis of auxin-b itself, although there are 
considerable stereochemical problems to surmount in preparing the natural compound, due to 
the presence of the five centres of asymmetry 

In the phenyi series, the chosen starting material was ]-pheny!but-3-yn-1-ol (11), prepared 

a modified Reformatsky reaction between benzaldehyde and propargy! bromide in the 
presence of zinc (Henbest, Jones, and Walls, /., 1949, 2696). This carbinol was carboxylated 
Haynes and Jones, /., 1946, 503) to give the crystalline acetylenic acid (111), converted in turn 
nto its methyl ester (IV). Treatment of the latter with.methanol in the presence of a boron 
trifluoride-mereurie oxide catalyst (Hennion and Zoss, /. Amer Chem. Soc, 1941, 68, 1151) 
gave the crystalline methoxy-lactone (V 
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Attempts to hydrolyse the methoxyl group im (V), to yield the desired hydroxy-lactone (X), 
by the method already successfully applied to the methyl! analogue, viz., hydrochloric acid in 
ether, were frustrated by the insolubility of (V) in ether. However, its greater solubility in 
chloroform enabled the acid hydrolysis to be carried out, but the crystalline product isolated 
from the reaction mixture was found to be cinnamoylacetic acid (VI), isomeric with the 
expected (X). 

Alternative methods for the hydration of the triple bond in (III) or (IV) were then sought 
Moureu and Delange (Compt. rend., 1903, 186, 753) were able to hydrate «$-acetylenic acids to 
$-keto-acids by heating them under reflux in ethanol solution containing sodium hydroxide. 
Application of this method to (II1]) gave a low yield of cinnamoylacetic acid (V1), hydration of 
the triple bond being followed by dehydration of the 4-hydroxy-§-keto-acid, first formed 
Substitution of methanol for ethanol in this reaction gave a greatly improved yield (60%) of 
cinnamoylacetic acid. 

Another possible method for the hydration of the triple bond of a 8-hydroxy-a$-acetyleni 
ester involves addition of a secondary amine to the triple bond to give an adduct, such as (VIII) 
(or its corresponding lactone), followed by mild acid hydrolysis (cf. Moureu and Lazennac, 
Bull. Soc. chim., 1906, 35, 1190) of the adduct. Jones and Whiting (loc. cif.) investigated this 
method in the methy! series, and found that addition of diethylamine followed by heating at 
100° gave a diethylamino-lactone, convertible into the corresponding hydroxy-lactone in only 
5% yield in the most favourable circumstances. However, the method has now been 
reinvestigated in the phenyl series, and by introduction of certain modifications it has proved 
to be a convenient hydration procedure. Addition of piperidine to the ester (IV) in ethereal 
solution at room temperature proceeded cxothermically; diethylamine and morpholine 
appeared to be less reactive than piperidine and were not investigated further. The piperidine- 
adduct (VIII) (without further heating) was extracted from the ethereal mixture by 2n-hydro- 
chioric acid, and the latter extract, containing an excess of mineral acid, was set aside at room 
temperature. After a short time the oily, open-chain keto-ester (IX) (since obtained crystalline, 
m_ p. 48°5—49°) began to separate, which after a few hours was transformed by hydrolysis and 
lactonisation into a solid, the desired analogue, 5 . 6-dihydro-4-hydroxy-6-pheny]-2-pyrone (X) 
Isolation of the intermediate keto-ester (IX), whose structure was confirmed by analysis and light 
absorption evidence, proves in turn that the piperidine adduct formed at room temperature has 
the open-chain structure (VIII). Lactonisation of the amine-adducts evidently only occurs 
with rapidity at 100 This method of preparing analogues of auxin-b lactone has proved to 
be a general one, and has been successfully applied with p-chloropheny!, cyclopenteny! 
succeeding paper), and propeny! groups ‘see below) in place of the pheny! group. 

The phenyl-lactone (X), m. p. 136— 141°, exhibited chemical and ultra-violet light-absorption 
properties in agreement with those expected for its structure. It gave a violet ferric chloride 
reaction, and dissolved readily in sodium hydrogen carbonate solution, being reprecipitated 
unchanged on acidification of the solution with mineral acid. Reaction with formaldehyde in 
the presence of a trace of piperidine (cf. Anschiitz and Quitmann, Annalen, 1928, 468, 97) gave 
3 3°-methylenedi-(5 : 6-dihydro-4-hydroxy-6-pheny!-2-pyrone) (X1) 

A number of reactions analogous to those carried out by Kégl, Haagen-Smit, and Erxleben 
(loc. ctf.) on auxin-b have been performed with the phenyl-lactone (X) for purposes of comparison 
A semicarbazone, m. p. 233-235", was formed in quantitative yield, and a p-phenylphenacy! 
ester, m. p. 228-—230°, in moderate yield. When a solution of the lactone in methanol containing 
hydrogen chloride (1°5%,) was heated under reflux a «mall yield of the methoxy-lactone (V) was 
obtained. The latter was also formed in low yield by the action of diazomethane on the lactone 
(X). Hydrogenation of (X) in acetic acid in the presence of Adams's catalyst gave a 
heterogeneous product from which no single compound could be isolated. A fuller discussion of 
these comparative reactions is given in the succeeding paper 

Mention has been made earlier in this paper of the isolation, from two experiments intended 
to produce the lactone (X), of the isomeric cinnamoylacetic acid (VI). Schopf and Thierfelder 
(Annaien, 1935, 518, 217), in the course of their extensive work on reactions taking place at 
“ physiological pH's,”’ found that the reaction between benzaldehyde and acetonedicarboxylix 
acid gave, amongst other products, 2 low yield of an acid, C,,H,,O,, m. p. 139-——141°, which 
they thought to be cinnamovlacetic acid. This experiment has been repeated, and it has been 
shown that Schépf and Thierfelder's “ cinnamoylacetic acid ” is identical with the pheny! 
lactone (X). The phenyl-lactone and cinnamoylacetic acid, indeed, show many points of 
resemblance; for instance, both dissolve in sodium hydrogen carbonate solution with liberation 
of carbon dioxide, both give violet fernc chloride colours, and both decompose above their 
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melting points to give benzylideneacetone. They are, however, clearly distinguishable by 
their ultra-violet light-absorption spectra, the former exhibiting a maximum at 2420 a., whereas 
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the latter has its main absorption band at 28104. Further confirmation of the structure of 
cinnamoylacetic acid was obtained by comparing its methyl ester (prepared from the acid with 
diazomethane) with the ethyl ester prepared by Borsche and Lewinsohn’s method (Ber., 
1933, 66, 1792) from cinnamoy! chloride and ethy! acetoacetate, an unambiguous route. The 
similarity of the ultra-violet light-absorption spectra of the two esters confirmed the structure 
assigned to the parent acid, and, incidentally, indicates that these esters must exist 
predominantly in the enolic form, PhCH—CH-C(OH)—CH-CO,R (X11) 


c.OH 


cH, CH 
MeCH@=CHCH CO 


CHy-CH, CH, C(OR) 
/ 7 


(X11) CH (XIV) 


a) 

The propenyl analogue (XIII) of auxin-b lactone has been obtained by starting from 
crotonaldehyde, by the route described above for the phenyl analogue; its chemical and light- 
absorption properties closely parallel those of the latter compound. Starting from cyclo- 
hexanone, the pentamethylene analogue (XIV; K « H) has been prepared via the methoxy- 
lactone (XIV; R = Me) by Jones and Whiting’s procedure (/oc. cit.) 


cH 
H, ch, 
PhCH 


CH 
co 


(111) > (xV,) 


Partial hydrogenation of the acetylenic acid (III), in the presence of a palladium-barium 
sulphate catalyst, followed by distillation (cf. preparation of 3-A%-hexenolactone; Haynes and 
Jones, J., 1046, 954) gave the crystalline lactone (XV), previously obtained by Fittig and 
Perrin (Annales, 1894, 2838, 318) by starting from cinnamaldehyde and malonic acid. By their 
method of preparation, Fittig and Perrin were not certain of the position of the double bond in 
this lactone, but the above synthesis eia an aS-acetylenic acid shows that it must be a8 to the 
potential carboxylic acid group. The hydroxylation of the lactone (XV) is being investigated 
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ee 
has already been 


Nae 
R'R°C(OH) CH, C2C-COMe _—_— R’R°C=CHC(OMe) CH CON 
(AVI) (XVIL) 
A study has also been made of the reaction between sodium methoxide and the 8-bydroxy- 
a$-acetylenic esters (as XVI) obtaimed as intermediates in this work. In all the examples 
examined, addition of methanol to the triple bond with concomitant dehydration of the 


Acid (AV 1h. Anes. 4. . Acid (XVII) Aun. & Gana: 
2650 ¥ . wo 2200 17,500 
2700 n= Fh a ae | 24.500 


2690 . , - w 2510 9 Sow 
2940 : R’ = PhRCHOCH R” — H* 3220 40 000 


* Jones and Whiting (Joc. ci#.). * Fowler and Henbest (/.. 1950, 3642). 
hydroxyl group took place, §-methoxy-unsaturated acids (XVII) being obtained. The phenyl- 
acid (VII) was also obtained from the methoxy-lactone (V) by warming it in sodium hydroxide 


solution. The acids so prepared together with their light-absorption properties are given in 
the table 


EXPERIMENTAL. 


(All m. p.s were taken on a Kofler block and are corrected, and all light-absorption data were 
determined m alcoholic solutions) 


4-Hydroxy-4-phenylbut-|-yne-|-carboxylsc Acid (111). —-1-Phenylbut-3-yn-1-ol = g.) (Henbest, Jones, 


and Walls, Joc. ci/.) was carboxylated by the general method (Haynes and Jones, joc. ef.), except 
that the Grignard complex was prepared in ether~—benzene at 0°, and not heated under reflux. The acid 
(19-8 g.; 77% conversion) crystallised from ethy! acetate-dight petroleum (b. p. 60-— 80° ! or benzene as 
prisms, m. p. 104" (Found ; C, 60-45; H, 525. C,,H,,O, requires C, 69.6; H, 5-3%) ts methy! ester 
(iV), ney with methanol containing sulphuric acid (1%, ) (959% yield), — vic I uid, b. p. 100° 
(bath te short-path still)/10* mm., mj? 1 5406 (Found : C, 70-35, Calla 5 coguions 
C706; HS 05%). A skin sensitivity ity developed after working with this an A oak weeks 
amounts of liquid { (and even vapour) then produced an intense irritation on the hands, followed 3. by 
peeling of the affected skin. 

Benzoylation of the methyl ester (3 g.) was effected with benzoy! chloride (4 ¢.c.) in dry pyridine 
(10 c.c.), the mixture being kept at 0° overnight. The product was isolated with ether, volatile materials 
were removed at 100°/10"* mm., and the residue triturated with light petroleum (b. p. 40-50"). The 
solid was recrystallised from aqueous methanol (3-6 g.; m. p. 71-72") and then light petroleum (b. p 
60-80") to give the benzoate as needles, m. p. 72-73" (Found: C, 73-8; H, 635. Cysht,.O, requires 
C, 740; H, 525%) 

5. 6- Dihydro-6- phenyl-2-pyrone (XV).—4-Hydroxy-4-pheny!but-1-yne-l-carboxylic acid (3-8 g.) was 
hydrogenated at atmospheric pressure in the presence o ladwum-barium sulphate (0-5 g.; 6% Pd) 
until 460 c.c. (reduced to N.T.P.; theoretical for one double bond, 448 c.c.) had been absorbed. Isolation 
by distillation at | mm. gave a distillate (3-2 g.) wow hyd solidihed ; crystallisation from aqueous 
methanol gre the lactone in smal) plates (2 at Ah Recrystallisation wom light petroleum 
(b. p. 60.80") gave hair-like needles, m. p. 59° (Wikia ants Persia. loc. cit., give m. p. WO"). 

5 6 Dikydro-4-methory-6-phenyl-2-pyrome (V).—One drop of boron trifluoride-ether complex, 
mercuric oxide (10 .), and a small crystal of trichloroacetic acid were dissolved in methanol (1:5 c.c.) 
by gentle warming ethyl 4-hydroxy-4-phenylbat-1- A ath gmap oe oped (TV) (1-6 g.) was added to the 
catalyst solution, which was then warmed to 50°, whereupon a slight exothermic reaction commenced 
The temperature was kept at 50° by slight external ing, and then kept at room tem — fos 
48 hours. The deposi solid (105 g.; m. p. 144 146" ) was bay from ethan uecus 
acetone; it gave the methory-lactone (V i m. 147° (Found: C, 70-35, H, 61. 
C,,H 0, requires C, 70-6; H, 5.95%). Wey eheneptien ye 2350 A.; Gane, = 12,000, 

Crnmnamoylacetic Acid (2-Keto-4-phenylbut-3-ene-| -carborylic Acid) (V 1) —(a) From the methory lactome 
(V). The methoxy-lactone (500 mg.) dissolved in chloroform (10 c.c.) was treated with saturated 
hydrogen chioride in ether (10 c.c.); the solution kept at room temperature for three hours. After 
removal of mineral acid by washing the solution with water, the organic acid (231 mg.) was extracted 


. AA ie lig’ (b 
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: H, 5-55. oo tie Yn pede 69-5; H, 63%). +. ig pee 
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give cinnamoylacetic acid (210 mg), m. p 108-100" (decomp The melting pout was not rased by 
recrystallisation, and the light absorption indicated that this product was somewhat impure Maxima 
2620 and 2910 4.; fess @ 17.500 in cach case. On admixture with a sample of cinnamoylacetic ack! 
prepared by method (4), the m. p. was 110-113" (decomp 

Methyl Cinnamoylacetaé.-— This was prepared from cinnamoylaceti acid (m. p. 108-1097 or 113-— 
116") (40 mg.) with diazomethane in ether. After two recrystallisations from light petroleum (b 
00") the eater formed pale-yeilow needles, m. p. 73-76" (Found: C, 70-75, H, 60. C..H,,O, 
requires C, 706, H, 506%). Light absorption: Maxima, 2260 and 30004.; to... = 10,500 and 
26,500, reapectively 

Ethyl Cimnamoyiacetate — This ester was prepared from ethyl acetoacetate and cinnamoy! chioride by 
Borsche and Lewinsohn’s method (loc. cst it had m. p. 44-46° (Borsche and Lewinsohn give m. 5 
46"). Light absorption . Maxima, 2270 and WO04.; ta. — 10,000 and 24,500, respectively 

2-Mcthosy-4-phenylbuta-| : 3-diene-\-carboryhe Acid (VII).—(a) Methy! 4-hydroxy-4-pheny!but-1- 
yae-|l<arboxylate (500 mg.) was added to a solution of sodium methoxide (prepared from sodium (250 mg 
dissolved in methanol (3 «.c.); at 6 After three days at room temperature, the solution was diluted 
with water and extracted with ether, the latter extract being rejected. Acwiification of the aqueous 
solution gave the methory-aced (0-36 g }, which, after two crystallisatioas from aqueous methanol, formed 
long needles, m. p. 173° (decomp.) (Found: C, 7045; H, 63. C,,H,,O, requires C, 70-6; H, 5-06" 
Light abworption | see Table 

(6) The methoxy-lactone (V) (100 mg.) was dissolved in 2n-sodiem hydroxide solution (5 ¢.c.) by 
being heated at the boiling point for ive minutes. Coolimg and acidification of the solution gave a solid, 
which, after two crystallisations from aqueous methanol, had m. p. 172--173° (decomp.), undepressed on 
admixture with a sample prepared by method (4 

5: 6 Dihydro-4-Aydrosy-4-phenyl-2-pyrone (X).—A solution of the methyl ester (1V) (0-7 g.) in dry 
ether (2 ¢.«_} waa treated with pure piperidine (0-5 g.) at room temperature; a mild exothermic reaction 
was observed. Four hours later more ether was added, and the piperidine adduct was extracted with 
tw-hydrochioric acid (20¢ c.} The clear acid extract became turbid after ten minutes owing to separation 
of keto-ester (1X) (see below) The mixture was then shaken mechanically for 48 hours at room 
temperature, solid began to separate from the oil after about four hours. The collected solid (0-41 g 
m. p. 128.135") was washed with a little dry ether, to remove some gummy material, and then 
recrystallised by adding it to water preheated to 90°, filtering the solution, and cooling it rapidly to 0 
The pyrone (X) was obtained as a granular solid, m. p. 136-141" (decomp.) (Found C, 69-55; H, 5-6 
C,,H,O, requires C, 69-5; H, 53%). Light absorption: Maximum, 24204.; «,., 10,500. A 
sample heated above its melting point for a few minutes gave benzylideneacetone (m. p. and mixed 
m p. 42 \ specimen of the pyrone prepared by Schop! and Thierfelder's method (loc. cit.) had m. 7 
(and mixed m. p.) 136—140 ht absorption: Maximum, 2410 a.; tases ~ 10,500, 

The keto-ester (1X), formed as an intermediate in the above hydration reaction, was isolated with 
ether after the piperidine adduct had been left in the acid solution for two hours. Evaporation of the 
dry ethereal solution gave an oi! which solidified on trituration with methanol-water (1:1 
Reerystallisation from benzene-light petroleum (b. p. 60—80°) (2.1) gave the Aeto-ester as needles 
m. p. 495.49" (Found : C, 6505; H, 5-7. C,,H,,O, requires C, 64-55; H, 635%). Light absorption 
Maximum, 2490 a. Ges 2.000 


Reactions of 5 6-Dibydro-4-Aydrory-6 phenyl-2-pyrome (X). -(a) With formaldehyde The lactone 
(150 mg.) was dissolved in methanol (5 ¢.c.) and water (2 ¢.c.), formalin solution (0-5 c.c.) and ome smal! 
drop of piperidine were then added im that sequence. 3. 3'-Methylenedi-(5 : 6-dihydro-4-hydn ry-6 
phenyl-2-pyrome) (XI) (110 mg m. p. 187-196 began to crystallise after five minutes 
Recrystalliaation from ethy! acetate-light petroleum (b. p. 60-80°) (1: 1) gave needles, m. p. 158-196 
(Found: C, 7036; H, 515. CHO, requires C, 70-4; H, 515%). Light absorption: Maximum 
Pawan Secs 16.500) inflewon, 2500 4., Gag 15.00 The above reaction proceeded at a greatly 
reduced rate in the absen™® of piperidine, but the same product was obtained 

(b>) With semicarbarnde 4 solution of the lactone (30 mg.) in ethanol (1-5 <.c.) was treated with a 

solution of semicarhbazide hydrochloride (30 mg.) and potassium acetate (30 mg.) in water (0-5 c« 
A crystalline precipitate began to appear after five minates. After one hour at room temperature the 
semncarbarone (37 mg.) was filtered off, and then had m. p. 230.232 It was purified by being washed 
with boiling water and boiling ethanol, in beth of which it was quite insoluble, followed by 
tecrystalliaution from ethylene glycol. The pure derivative formed pilates, m. p. 233-235" (shght 
decomp.) (Found: C, 581; H, 535. C,H O N, requires C, 58:3; H, 53%, 


With p phenylphenacy! bromide The lactone (38 mg.) and potassium hydrogen carbonate 
(20 mg.) were dissolved in warm 89%, ethanol! (5« ~-Phenyliphbenacy! bromide (43 mg.) was added 
and the solution heated under reflux for 1-5 hours An amorphous solid separated on cooling, and was 
extracted with boiling ethanol «butanol (1 1 The insoluble part (36 mg.) had m. o. 223-226 
recrystallisation from nitromethane gave the ester as amal! needies, m. p. 228 230° (Found: C, 76-95 
HL, &4. CyH,O, requires C, 781; H, 5-25 


(d) Methylation expersments The lactone (40 mg.) was dissolved in methanol (2 c.c.) containing 
ydrogen chloride (15%), and the solution heated under reflux for 1-5 bours. Evaporation of the 

solvent in a vaciom gave a product which solidified on trituration with methanol; it had m. p. 136 
ia2 Reerystallisation from methano! gave the methoxy-lactone (V) (8 mg.), m. p. 145-146"; the 
mixed m. p. with authentic material was 145-147 

The lactone (50 mg.) dissolved in chloroform (10 c.c.) was treated with a slight excess of diazomethane 
mether. Evaporation in a vacuum gave a solid, which after two crystallisations from aqueous methanol 
had m. p. 148.167". andepressed on admixture with the methoxy-lactone (V 
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4-H ydroxyhept-5-en-l-yne-l-carbosylc Aad.—Hept-5-en-l-ya-4-ol (11 g.) (Henbest, ones a 
Walls, loc. cit.), dissolved in dry benzene (75 ¢.c.), was at © to a solution of ethy 
bromide (from 5 g. of magnesium) in ether (30 c.c.); the resulting Grignard complex (without farther 
heating) was carboxylated in the usual way The acetylenic seid (8-1 g.) was obtained as a pale-brown 
viscous liquid. Only small quantities could be distilled, from a a still, without appreciable 
decomposition ; a sample had b. p. 120° (bath )/l0* mm., «Ff 14960 (Pound: C, 63-35, H, 6-85. 
C,H, » requires C, 62:3; H, & %). The methy ester was prepared from the crude acid (13-0 g ) and 
methanol (100 c.c.}, containing concentrated sulphuric acid (1 the solution being set aside overnight 
at room temperature and then heated under x ft two hours. Isolation with ether and distillation 
gave methyl 4A he ee Pesan ats, Caen nee 
90° 0-1 mm., =f 1.4828 (Found: C, 6445; H, 72. C,H,,0, requires C, 6425; H, 7-2%) 


5 . 6-Dihydro-4-hydrosy-6-propenyl-2-pyrome (XIII).—Pure piperidime (0-4 cc.) was added to a 
solution of the foregoing ester (0-5 g.) in dry ether (1 c.c.), and the mixture was then kept at room 
temperature for one hour. The piperidine adduct was extracted with 2n-hydrochioric acid (5 ¢.c.), 
chloroform (5 c.c.) was added to the acid extract, and the mixture was kept at room temperature for 
48 hours with intermittent shaking. The aqueous solution was twice extracted with chloroform, and 
the extracts were dried (Na,SO,) and evaporated i eacwo. The residue became soli on trituration with 
a little dry ether. Recrystallisation from ethy! acetate-light petroleum (b. p. 60.40") gave material 
(25 mg.) with m. p. 114-120", Further recrystallisation from benzene gave the pure pyrons, m 

22", as a microcrystalline material (Found: C, 62:25; H, 66. C,H,,O, requires C, 62-3; 
»). Light absorption : Maximum, 2400 4.; toss = 11,500 


2. Methoxyhepta-1 : 3 : S-triene-l-carboxylic Acid (XVII; RB MeCICCH, R H) —Sodium 
(0-2 g.) was dissolved in methanol (3 c.c.), and the solution cooled to 0 Methy! 4-hydroxyhept-6-en-1- 
yne-l-carboxylate (0-55 g.) was added and the solution was kept at room temperature for 40 hours 
Addition of 2n-sulphuric acid gave a solid (0-32 g.), m. p. 143-147", which after three recrystallisations 
from benzene light petroleum (b 60.80") (1:1) gave the pure acid as needles. m. p. 155-156 
(Found : C, 63-65; H, 7-1. C,H,,O, requires C, 64:25; H, 7-2%,). Light absorption ; see table 

3-1 -Hydroxycyc lohexyilprop-|-yne- ‘t- carboaylic Acid. —-Recrystallised l-propargyleyelohexanol (15 
was carboxylated by the general method described above. the Grignard complex being completely 
soluble in ether-benzene. The acetylenic acid (13-7 g., 70%) crystallised from benzene or ethyl 
acetate-light petroleum (b. p. 60—-80") in granular prisms (12 S«.), m, p. 124-126" (Found : C, 66-05; 
H, 7-8. Cy H,,O, requires C, 65-0; H, 775%). methyl ester was prepared by heating a methanol 

solution of the acid containing concentrated sulphuric acid (1%) for six hours. The product was a 
viscous oil, b. p. 130° (bath temp.; short-path still) /10"* mm., ni 14962 (Found C, 67-15, H, #3, 
C,,H,,O, requires C, 67-3; H, 8-24) “ 


5 6 Dihydro-4-methoxy-6 | 6-pentamethylene-2-pyrome (XIV K Me The forgoing methyl 
ester (1 g.) was treated with methanol (1 c.c.), containing one drop of boron trifluoride-cther complex, 
and mercuric oxide (10 mg.). On gentle warming, an exothermic reaction commenced, the temper 
ature rising quickly to 70°. After 24 hours at room temperature the product was isolated with 
ether. Two recrystallisations from light petroleum (b. p. 60-80") gave the lactone (0-68 g.) as long 
needles, m 80° (Found: C, 670; H, 8 C,,H,O, requires C, 67-3; H, #2). Light absorption 
Maximum, 2360 4.; tase = 10,500 

5 : 6-Dihydro-4-hydroxy-6 : 6-pentamethylene-2-pyrome (XIV; RK « H).--A solution of the foregoing 
methoxy-lactone (250 mg.) in ether (10 c.c.), to which one drop (0 mg.) of concentrated hydrochloric 
acid had been added, was kept at room temperature for four days. Ether and potassium hydrogen 
carbonate solution were added and the mixture shaken vigorously to extract the pyrone from the 
ethereal solution. The latter was extracted once more with potassium hydrogen carbonate solution, the 
combined extracts were acidified with dilute sulphuric acid, and the liberated pyrone extracted twice 
with ether. Evaporation of the dried ethereal extract gave a solid which was triturated with ether light 
petroleum (1:1). Recrystallisation from ethy! acetate-light petroleum gave the pure pyrone (85 mg.) 
as feathery needies, m. p. 121-—123° (Found: C, 70-66; H, 80. C,H,,O, requires C, 66-0, H, 7:75%,) 
Light absorption : Maximum, 2430 a.; Cass 11,000 

3-cycloHexylidene-2-methonyprop-\-ene-\-carboxylic Acid (XVIL; R’'R” = <(CH,,) (With Dr 
R. A. Rapwant).—Methy! 3-1 -hydroxycyclohexylpr: ~p-l-yne-l-carboxylate (2-5 g.) was slowly added 
to a solution of sodium methoxide from sodium (0-0 g.) in methanol (15 ¢.c.)! at 0°, the solation then 
being kept at room temperature for three days. Addition of 2n-sulphuric acid pre ipitated a solid 
which after recrystallisation fron light petroleum (b. p. 60-80") gave the acid (1:26 g.) as needles, 
m. p. 122° (Found: C, 67-1; H, #1. C,,H,,O, requires C, 67-35; H, #2%). Light absorption 
see table. 

2-M ethoxy-4-methylpenta-1 : 3-diene-l-carborylic. Acid (XVII; R’ = RY” «= Me) (With Dr 
R. A. Rapuart).—-2-Methylpent-4-yn-2-0l (Henbest, Jones, and Walls, loc. cit.) was carboxylated and 
esterified. The ester (2 g.) (b. p. 131°/0-2 mm.) was added slowly to « solution of sodium methoxide 
(from sodium (0-9 g.) in methanol (15 c.c.)) at 0°. After being kept for three days at room temperature 
the solution was treated with 2n-sulphuric acid. The prec ee was recrystallised from light aw 
(b. p. 60-80") to give the acid (1-55 g.) as needles, m 115° (Found: C, 616; H, 74. C,H,O, 
requires C, 61-55; H, 7-75%). Light absorption : see ta 


Microanalyses were carried out by Mr. E. S. Morton and Mr. H. Swift. 


. 
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718. Studies on Compounds Related to Aurxin-a and Auzxin-b. Part 
111. The Preparation and Properties of the cycloPentenyl Analogue 
of Auxin-b Lactone. 


By J. B. Beows, H. B. Henxpest, and E. R. H. Jonss. 


A convenient method of preparing ¢y</opent-l-enealdehyde has been devised, which has led 
to the synthesis of the cy: teny! analogue of auxin-b lactone. The properties and reactions 
of this lactone are com with t described for auxin-b (KOg!, Haagen-Smit, and Erxieben, 
Z. physiol. Chem., 1934, 825. 216), Opening of the ring of the lactone to the corresponding 
acid (analogous to agxin-b itself) has proved to be impossible, and attempts to prepare this acid 
by other routes invatiably resulted in the production of the lactone. The great stability of this 
analogue in the lactone form is in contrast to the reported exivtenét of auxin-b only as an 
opea-chain acid 


iw order to prepare the unsubstituted cycdopenteny! analogue of auxin-b by the method described 
in the preceding paper and to examine its properties in detail, it was necessary to have available 
a substantial quantity of cyclopent-l-enealdehyde (I). This aldehyde has been obtained as a 
by-product from several reactions (cf. Baeyer and von Liebig, Ber., 1898, 31, 2106; Willstatter 
and Sonnenfeld, Ber, 1914, 47, 2814; Reid and Freer, J]. Amer. Chem. Soc., 1926, 48, 1403; 
Paquot, Bull, Soc. chim., 1941, 8, 695; Farmer and Sundralingam, J., 1942, 121). The only 
methods which appeared to be adaptable to the preparation of the aldehyde on a reasonable scale 
were those of Urion (daa. Chim., 1934, 1, 5) and Wohl and Schweitzer (Ber., 1906, 39,895). The 
former, involving a pyrolytic dehydration of diviny! glycol over alumina at 300°, gave in our 
hands low and variable yields of non-homogeneous aldehyde. Wohl and Schweitzer obtained 


NalO, CHO ow “CHO 
p> | a ee eae 
VJ 


(U1) tC) 


this cyclopentenealdehyde by heating adipaléshyde (III) with water in a sealed tube at 110° 
(yreld, 60°%,), (III) being obtained (via its acei 1) from a Kolbe electrolysis of yy-diethoxybutyric 
acid. Adipaldehyde is more readily obtained by ozonolysis of cyclohexene, but although this 
method has been considerably improved (Menzies and Robinson, /., 1924, 2166; Fischer and 
Lowenberg, Ber, 1933, 66, 666; Henne and Perilstein, ]. Amer. Chem. Soc., 1943, 65, 2183), a 
more convenient route proceeds via the readily available trans-cyclohexane-1 : 2-diol (11), which 
can be converted into the dialdehyde with lead tetra-acetate or periodic acid. The diol (11) was 
prepared (in 400-g. quantities) in over 80%, yield from cyclohexene and performic acid, the 
intermediate monoformy! derivative being hydrolysed to the diol by passage of steam through 
the solution. This preparation of the diol was found to be more convenient, as well as giving 
better yields, than the method recently described (Org. Synth., 1948, 28, 35), in which hydrolysis 
of the monoformy! derivative is effected with alkali, and the diol is isolated by ethy! acetate 
extraction and subsequent vacuum-distillation 

Oxidative fission of the diol (II) was effected in aqueous solution with sodium metaperiodate 
and the cyclisation of the dialdehyde was investigated to discover a more convenient method than 
that of Woh! and Schweitzer. Tests showed that the cyclisation was effected by dilute alkali, 
and this method was then applied to the aqueous solution of adipaldehyde obtained directly from 
the periodate oxidation. As soon as the oxidation reaction had finished (as observed by the 
solution temperature beginning to fall), sufficient alkali was added to make the solution 0°6~ 
(as potassium hydroxide). Ether was then added to remove the product from the alkaline 
phase as soon as it was formed. Homogeneous cydopentenealdehyde was obtained consistently 
in yields of 55-60% (based on glycol) by this method, 50-g. quantities of aldehyde being 
conveniently prepared in the course of a day 

Since this work was completed, English and Barber (/. Amer. Chem. Soc., 1949, 71, 3310) 
have described the preparation of cyclopentenealdehyde by a similar, but somewhat less con- 
venient route, adipaldehyde being obtained from the diol (IT) by lead tetra-acetate oxidation, 
and the cyclisation being effected by Woh! and Schweitzer’s method (overall yield from diol, 
52%) 

The next stages in the synthesis proceeded smoothly. A modified Reformatsky reaction 
with propargy! bromide (Henbest, Jones, and Walls, /, 1949, 2696) gave a 75°, vield of the 
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carbinol (1V) which on carboxylation gave the acid (V), converted in turn into its methyl ester 
(VI) (50% yield from (IV)}. Hydration of this acetylenic ester (V1) to form the keto-ester (VI) 
was carned out via a prperidine adduct as described in the preceding paper, the Pun this 
case being extracted and then partially hydrolysed with 0-25n-hydrochloric acid. Tle 

so obtained could not be purified by distillation owing to dehydration (~CH(OH)CH,CO-> -—> 
~CH—CH-CO~}, but it could be crystallised at low temperatures. The total crade ester/was, 
however, suitable for hydrolysis; this was carried out with dilute alkali rather than dilute acid 
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(cf. preceding paper). Acidification then yielded the crystalline 5 : 6-dibydro-4-hydroxy-6- 
eyclopent-1’-enyl-2-pyrone (VIII). Attempts were made to prepare the acid (VII1; R = H), 
which possesses the same side-chain structure as that suggested for auxin-b (X), but these were 
unsuccessful (see below) 

That the cyclopenteny! lactone exists in solution largely im the enolic form, as in formula 
(VIII), is indicated by the following observations. The compound dissolves in sodium hydrogen 
carbonate solution with effervescence, being reprecipitated unchanged on acidification with 
mineral acid. Potentiometric titration of the lactone with dilute sodium hydroxide solution 
gave a curve which showed that one equivalent of alkali was being immediately neutralised 
From this titration, the pX of the enol was found to be 5°15, 1.¢., it is not as acidic as a saturated 
carboxylic acid (acetic acid has pK « 4°73; Averbach and Smolczyk, Z. physihal. Chem., 1924, 
110, 106), but it is appreciably stronger than the related 6-membered ring §-diketone, 5 : 6-di- 
hydro-5 : 5-dimethylresorcino!l (pK = 525; Schwarzenbach and Lutz, Hele. Chim. Acta, 1940, 
23, 1147). It gives an immediate violet colour with neutral ferric chioride in aqueous methanol 
Auxin-b, rather surprisingly for a 3-keto-acid, is reported not to give a ferne chloride colour 
except after irradiation with ultra-violet light in a quartz vessel, although absorption spectro- 
scopic data on auxin-b solutions indicate the presence of an appreciable amount of the enolic 
form (Kégl, Koningsberger, and Erxleben, Z. physiol. Chem., 1936, 244, 266). The absorption 
spectrum of the lactone in water (see figure) or ethanol further confirmed the enolic structure, 
the enols of $-keto-acids or -esters exhibiting high intensity absorption in the 2500-a. region (cf 
Grossman, Z. physikal. Chem., 1924, 108, 305). Moreover, as with other enols of this type, Beer's 
law was not obeyed when the concentration of the solution was varied. These results are shown 
in the figure (curves II] and IV), where it can be seen that on dilution of the solution the position 
of maximum absorption moves towards longer wave-lengths, a result compatible with the 
production of an increasing proportion of the ionised form (IX) of the enol. Similar shifts of 
the absorption maxima on dilution of the solution have been observed with ethyl! acetoacetate 
(Morton and Rosney, /., 1926, 706), and the 6-diketone, 5: 6-dihydro-5 | 5-dimethylresorcinol 
(Blout, Eager, and Silverman, ]. Amer. Chem. Soc., 1946, 68, 506), as well as with auxin-b itself 
(Kégl, Koningsberger, and Erxleben, loc. cit). pe escalate ge waar 
enol (VIII) was obtained by measurement in 0-01N-hydrochioric acid (curve 1), and the —- 
of the fully-ionised enol (IX) was determined after the addition of one equivalent of sodium 
hydrogen carbonate to the lactone solution (curve JI). The fully-ionised enol exhibited afi? 
exceptionally well-defined jon maximum at 2605 a. (c,.. = 19,300), which may be 
compared with the absorption of the enolate ion of ethyl acetoacetate (0... 2730 4.; Guay 
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13,900), and the enolate ion of 5; 6-dihydro-5 : 5-dimethylresorcinol (,,, 28204. « 
26,300) (Blout ¢f al., loc. eif.). 

In order to ascertain under what conditions the lactone mng might be opened with alkah to 
give a salt of the corresponding open-chain acid (VII; K — H), aqueous solutions of the lactone 
m the presence of one and two molecular proportions of sodium hydroxide were examined 
spectroscopically. It was found that the absorption spectra of these solution: were identical 
Oneux 2005 4.; ©... © 19,300) with one another and with that obtained in the presence of one 
equivalent of sodium hydrogen carbonate, and further that this absorption did not change when 
the solution was kept. These results indicated that the lactone under various degrees of alkalinity 
gave only the enolate ion (1X), which was unaffected (i.¢., the ring was not opened) by further 
addition of -alkah 
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Phis conclusion was subsequently verified by chemical experuments (see below Before this 
was done the possilnlity that the high-intensity absorption at 2605 a. is due to a (resonating) 
anion of the corresponding open-chain acid (VIL; K H) was also considered——that is to say, 
the possibility that in alkaline solution (even sodium hydrogen carbonate solution) the lactone 
ring very quickly opens to give the open-chain acid (VIL; R = H) asitsanion. 4-Lactones are 
known to undergo mag fission in alkaline solution with considerable ease (Chariton, Haworth, 
and Peat, /., 1926, 89) The dilute-alkaline hydrolysis of ethy! acetoacetate was therefore 
studied spectroscopically in order to observe, when hydrolysis was complete, the absorption of 
an authentic §-keto-acid anion, 1.4, the acetoacetate anion. A parallel study was madefof the 
alkaline hydrolysis of the keto-ester (VII; RK Me The two experiments gave strik 
ingly different results. As the hydrolysis of the acetoacetic ester proceeded, the initial 
high-intensity absorption at 2730 a. (¢,.., ~ 13,900), characteristic of the enolate ion 
CHyC(O™)—CH-CO, Et), diminished steadily, falling to the value of ¢ -~ 2100 after four hours 
hydrolysis virtually complete; cf. Grossman, loc. ci Hydrolysis of the keto-ester (VII; 
R «= Me) proceeded very rapidly to give a solution with maximal absorption at 2695 a. (c,.,, 
7,600), which remained constant at this value, and which is identical (allowing for the difficulty 
ft obtaiming the initial keto-ester in a pure condition) with that shown by tlie lactone (VIII) in 
alkaline solution (see above The considerable difference in absorption spectrum between the 
products of the hydrolysis of the two esters can dniy be explained with reference to the presence 
of the 8-hydroxy! group in the keto-ester (VII; RK = Me), which enables lactonisation to take 
place. It is therefore suggested that alkaline hydrolysis of the keto-ester (VII; R <— Me) takes 
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place with lactonisation to give the enolate ion (IX) of the lactone. One further difference was 
observed between these hydrolysis experiments. The solution obtained by acidifying the ethy! 
acetoacetate hydrolysate {1.¢., a solution of acetoacetic acid) exhibited only very low intensity 
absorption, whereas acidification of the other hydrolysate (from VII; R =< Me) gave a solution 
with light absorption identical with that observed for the lactone (VIII) in dilute acid solution 
(Figure, curve I). Moreover, the lactone could readily be isolated from this solution by ether 
extraction, either immediately or after the lapse of some time 

That the substance responsible for the 2695 a. absorption band is the enolate ion (1X) 
receives further confirmation in the following way. A sodium hydrogen carbonate solution of the 
lactone (VIII), on treatment with p-phenylphenacy! bromide, gave a crystalline derivative, 
m. p. 184-188", formulated as (X11) 
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If s«xlum hydrogen carbonate had opened the lactone ring, the resultant derivative 
would then be represented by (XIV). However, this latter derivative has been prepared 
by an unambiguous route, and is different in melting point (110-—111°), solubility, and stability 
from (X11). The route employed involved the preparation of the p-phenylphenacyl ester 

XILI) of the acetylenic acid, and hydration of this derivative by the piperidine method. 

The above results show that the open-cnain acid (VII; R « H), which possesses the same 
side-chain structure as auxin-b, does not exist in the free state but only in the form of the 
corresponding lactone, even in alkaline solution. The work of Kég], Haagen-Smit, and Erxleben 
(Joc. cit.), on the other hand, indicates that auxin-b (and its derivatives, with one possible 
exception, see below) shows no tendency to lactonise. It might be argued that the two sec.- 
butyl! groups attached to the cyclopentene nucleus in auxin-b prevent or hinder lactonisation 
However, such an explanation is rendered much less likely by Kog!, Haagen-Smit, and Erxleben's 
observations (ibid., 1933, 216, 31) on the closely related auxin-a (X1), which is stereochemically 
identical with auxin-b in the di-sec.-butyleyclopentene part of the molecule (Kég! ef al., loc. cit.) 
With auxin-a, ready interconversion of lactone and open-chain forms was observed, either form 
being obtamed merely by appropriate seeding of a supersaturated aqueous solution. Further 
more, examination of molecular models of auxins-a and -b indicates that the two sec -buty! 
groups can readily assume positions that do not interfere with lactone formation 

Having the cyclopenteny! analogue of auxin-b lactone available, it was of considerable interest 
to perform on it those experiments carried out by Kég!, Haagen-Smit, and Erxleben (/oc. cit.) 
on auxin-b, which led to the elucidation of the structure of the side chain. These reactions were 
4) preparation of a p-phenylphenacy!l ester, (b) formation of a semicarbazone, (c) reaction with 
methanolic hydrogen chloride, and (d) hydrogenation; they will be discussed in that order. The 
difference in behaviour with ferric chlonde between the synthetic lactone and auxin-b has already 
been commented upon. i 

The reaction between the lactone (VIII) and p-phenylphenacyl bromide, leading to the 
formation of the enol-lactone derivative (XII), has already been described, the vield being of the 
order of 20%. p-Phenylphenacy! derivatives were obtained in similar yields from the methy! 
lactone (Jones and Whiting, J., 1949, 1419), and the phenyl lactone (Henbest and Jones, pre 
ceding paper). Auxin-b was reported to form a p-phenylphenacy! derivative in 70% yield, 
which was taken as additional evidence for the presence of a carboxylic acid group in the 
molecule, the derivative being presumed to possess a structure analogous to that of the ester 
(X11). 

Auxin-b was reported to form a semicarbazone in 45% yield, which was believed to possess 
the normal structure of a semicarbazone of a §-keto-acid [i.¢., containing the grouping, 
“C(CN*NH-CO-NH,)°CH,CO,H). The eyclopentenyl lactone reacted rapidly with semicarbazide 
acetate in methanol solution at room temperature to yield a crystalline, rather insoluble semi- 
carbazone in nearly quantitative vield (similar derivatives were obtained in excellent yields in 
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the methy! and phenyl series}. This semicarbazone gave the correct analytical data for a com- 
pound with the “ normal” semicarbazone structure (XV), but this formalation was ruled out 


N-NIL-CONH, NH-NH-CO-NH, NEt, 
te ¢ 
cH, ¢H ch, ‘cH 
CH ©O MeCH ©€O 


o Oo 
(XVI) (AVI 


because its absorption spectrum (),,, 26704.) was markedly different from that of ethyl 
acetoacetate semicarbazone (),,, 2270 a.), the absorption of the latter being similar to those 
of saturated ketone semicarbazones. Evidence in favour of the alternative semicarbazide 
structure (XVI) was obtained by comparing the light absorption of the lactone-semicarbazone 
and the diethylamino-lactone (XVII) (Jones and Whiting, loc. cit) with those of analogous 


Canes me Cues 
(XVI) 267 17,000 (XVII 2010 a 2a 000 
PRNH-NH-CONH, 335 11,000 Pl: NE:, 24) 15,000 


pheny! compounds, 4-phenylsemicarbazide and diethylaniline. The data in the above Table 
show that if the lactone-semicarbazone is represented by (XVI), its light absorption properties 
fall very well into line with those of the other three compounds of known structure 


(Me 
‘ OMe 8 Cc 


CH cH cH CH : 
(XVIt Be dn to’ a i 
Bu‘ Y 

Auxin-b, when heated under reflux in methanol solution containing hydrogen chloride 
(1°6%) gives in 70% yield a crystalline dimethoxy-lactone, formulated as (XVIII). The lactone 
(VILL), on similar treatment, rapidly gave a black intractable tar from which no pure compound 
could be isolated. The same reaction performed with the phenyl lactone did not lead to 
appreciable charring, but the only product isolated (in low yield) was the crystalline mono- 
methoxy-lactone (XIX) (cf. preceding paper) 

Hydrogenation of the lactone (VIII) was next investigated. Auxin-b was reported to take 
up two molecules of hydrogen to give a crystalline tetrahydro-compound, the analysis of which 
agreed with the 83-dihbydroxy-acid (XX This dihydroxy-acid formed a mono-3 : 5-dinitro- 

but 
oH, , 
(™®) ——oP ( \CH(OH)-CH,CH(OH)-CH,CO,H 
Bus—— (XX 


benzoate, a surprising result in view of the fact that auxin-a (the closely related 2$8-trihydroxy- 
acul) formed a tris-3 ; 5-cdinitrobenzoate The lactone (VIII), when hydrogenated in acetic 
acid solution in the presence of Adams's catalyst (the same conditions as used for auxin-b), took 
up two molecules of hydrogen quickly, and a third molecule more slowly. The uptake of a third 
molecule of hydrogen can be readily explained if the first hydrogen molecule effects 
hydrogenolysis of the hydroxy! group on the carbon atom adjacent to the double bond (cf. 
hydrogenolysis of simpler unsaturated lactones in this series ; Dr. J. English, private communic- 
ation). That the hydrogenation did in fact proceed by this course (depicted in the scheme 
below) was shown by interrupting the hydrogenation after the uptake of two molecules. The 
saturated keto-acid (XX1) so obtained was thermally decarboxylated to give the ketone (X X11), 
isolated in 40°, yield as its 2: 4-dinitrophenylhydrazone. This derivative was identical with 
a sample prepared from the ketone obtained by hydrogenation of 4-cyclopent-1’-enylbut-3-en-2- 
one (XA XII1), the latter ketone being prepared in turn from cyciopent-l-enealdehyde and acetone 
by Heilbron, Jones, Toogood, and Weedon’s method (/., 1949, 1827). Uptake of the third 
molecule of hydrogen by the lactone gave the §-hydroxy-acid (XXIV). 

The analogues of auxin-b lactone so far prepared, containing methyl, propenyl, 
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*pirocyclohexyl, phenyl, p-chlorophenyi (this paper; Experimental), styryl and cyclopenteny! 
groups in place of the di-sec.-butyleycopentenyl group, have been tested for growth-promoting 
activity by Bentley's “ straight-growth method” (/. Exp. Bot, 1950, 1, 201), in which the 
elongation of coleoptile sections, when placed in an aqueous solution of the substance under test, 
is measured. All the above substances were inactive at concentrations from 10* to 10*. They 
were also inactive in Moewus’s cress-root test (Biol. Z., 1949, 68, 118), at concentrations from 
10* to lo 


Hn, 


* cHy,cocn,con 86S, CH), CO-CH,-CO,H 


(VuUL 


——— 


im 
~- ¥ 
“Ncn=cucocn,  ycn,),cocn, (YCH) -CHiOH)-CH, COM 
(XXII (XXII) — XXIV) 


Since this work was completed, Kogl and de Bruin (Rec. Trav. chim., 1950, 69, 720) have 
described the preparation of the cyclopentenyl lactone (VIII) by another route. The light- 
absorption properties of the lactone, ethyl acetoacetate, and auxin-b were compared in ethanol 
solution, but no other comparisons with auxin-b were described 

It is now clear from English and Barber's studies (/oc. cit.) on the preparation of substituted 
cyclopentenealdehydes and from the work described in this paper that the synthesis of a lactone 
with a structure identical with that of the hypothetical lactone of auxin-b should not be too 
difficult a task. However, much effort would certainly be required to surmount the considerable 
stereochemical obstacles involved in a total synthesis. In view of the doubts that the above 
results cast upon the structure proposed for auxin-b, further work on its isolation and properties 
is clearly desirable 

EXPERIMENTAL 


(All m. p.s were taken on a Kéfler block and are corrected pe nee — ay data were determined 
in ethanol solution with a Beckman spectrophotometer unless stat 


trans-cycloHexane-1 : 2-dsol (11).—cyeloHexene (375 g.), purified by rir et it with saturated sodiam 
iy me solution, drying it (Na,5O,) and distilling it, was added to formic = (1500 g.; 421-20) ina 
3-1.¢ necked flask equipped with a stirrer, thermometer, reflux condenser, and dropping funnel. The 
temperature of the mixture was raised to 45° by passing steam into a water-bath surrounding the flask 
Hydr rogen peroxide (585 g.; 100 vol.) was added during 1-5 hours with stirring (at the interface between the 
2 phases) and cooling, the internal temperature being maintained at 60°; the mixture finally 
becoming homogeneous. Most of the formic acid was removed in vacuo (water pump), and the residual 
crude monoformy! ester was hydrolysed by steam-distillation unti! 750 c.c. of aqueous formic acid distil 
late had been collected. The remainder of the solvents were evaporated im vacuo to give a pale-yellow 
syrup which readily solidified. One recrystallisation from acetone gave colourless diol (426 g.; 82%), 
m. p. 96-97" (pure diol has m. p. 103-56-— 104"), sufficiently pure for the periodate oxidation 


cyclo Pent-1 -enealdehyde (1).—Sodium paraperiodate (250 g.) was suspended in water (31.), concentrated 
nitric acid (58 c.c.) was added, and the mixture was stirred until the solid dissolved. The solution was 
then adjusted to pH 4 by the addition of sodium hydroxide solution. trens-cycloHexane-| : 2-diol 
(110 g.) was added with stirring to the periodate solution at 19°; the temperature then rose to 33°, The 
solution was cooled to 25° during 20 minutes; ether (400 cc.) and potassium hydroxide solution (350 cc. ; 
20%) were then added. The mixture was stirred vigorously for 30 minutes, the layers were separated, 
and the aqueous phase was extracted several times with ether. | The combined ethereal extracts were 
dried (Na,SO,) and evaporated under reduced pressure. Distillation gave cyclopent-l-enealdehyde 
(51-2 g., 58%), b. p. 562°/20 mm., »]f 1-4802. Light absorption : Maximum, 2370-2380 a.: tes 
13,500. It has an odour similar to but more pungent than that of benzaldehyde. 


This aldehyde could be kept for several months without appreciable deterioration if stored at 0° in 

nitrogen in the presence of a little quinol. 
l-cycloPent-\'-enylbut-3-yn-l-ol (1V).—-The Reformatsky react was carried out by the genera! 
method described wy Henbest, Jones, and Walls (loc. cit.}. Once the reaction had started, the solution of 
-1 ea 1 bromide (60 g.) in dry ether (100 ¢.c.)-<dry tetrahydrofuran 


cyclopent- 

() c.c.) was added with vigorous to the zinc wool (39 ¢.) as fast as possible. External cooling 
with dry ice in alcoho) was employed to control the exothermic reaction, the solution being maintained 
Oe Oe aid aa performing the reaction as ee eee eee ee 


improved, and much polymeric material was solation with ether gave the 

.. 75%), b. p. 53°/0-06 mm., 1-6020 (Found: C, 788; H, #4 ee requires C, 

,). (Low carbon values are given by Py-acetylenic carbinols; cf , Jones, 

and Walls, loc. ott.) 


The 3: 6-dinitrobenzoate was prepared by eins SS ian So ae, ee Se ee 
chloride in the presence of diethylaniline at 20° overnight. Isolation with ether, and chromatographic 
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anal ve a wolid act, which on recrystallisation from methanol formed small needies, m p. 105 
105-5" (Hound C, 16; HL 455. C,H ON, requires C, 56-2; H, 425%). 


4-Hydrosy 4-cyclopent-V - 2 apn yeaa ea Acid (V) and tts Methyl Ester (V1).—A solution of 
ethyimagnesium bromide in (100 ¢.c.) was from magnesium (21 g.). A solution of the 
carbinol (IV) (52 g.) mm dry benzene (200 cc.) was added with stirring to the Grignard solution cooled to 

15” during one hour, the resulting clear solution being stirred for a further two hours at 10”. 
This solution was autoclaved with solid carbon dioxide for 18 bours at room temperature. The product 
was separated into a neutral and an acid fraction, the latter gave the acid (V) (52 g., 78%) as a pale- 
twown syrup. Attempted purification of a sample by molecular distillation at }0-* mm. resulted in much 
decomposition, and the remainder of the acid was converted directly into (he methy! ester 


A soletion of the acid (47 gz.) in methanol (500 ¢ .) comtaining concentrated sulphuric acid (5 c.c.) was 
kept at 20° for 546 hours. Isolation with ether, followed by distillation from a short-path «til! gave the 
methyl ester (V1) (25 g., W%), b io” (bath temp )/10* mm. This material could not be obtained 
ar yon a by fractiona! distillation; a middie traction had b. p. 116°/0-1 mm., »f 1.5065 (Found 
C, 67-26, H, 705. C,,H,O, requires C, 680; H, 726%) 


5 : 6 Dibydro-4+-hydrosy-6-cyclopent-| -enyl-2-pyrone (VIIT).A solution of the methyl ester (VI; 
3g.) im dry ether (15 ¢.c.) was cooled to 5 Pure piperidine (2-67 g , 2 equivs) was added, and the 
temperature of the solution then rose to 29 After being kept at 20° for two hours, and more ether being 
added, the solution was extracted as quickly as possible with three W c.c. portions of 0-245n-hydro- 
chierc acid. Ether (75 ¢.c.) was added to the combined acid extracts, and the mixture was kept at 20° 
overnight. The ethereal layer was washed with sodium hydrogen carbonate solution, dried (Na,SO,), 
amd evaporated in cacwo. The residual keto-ester (VII, K = Me) (2-63 g.) was a pale-yellow oil, to 
which was added © Iw-sodium hydroxide solution (250 c.c.), the solution then being keot at 20° for two 
hours. After being extracted with ether to remove neutral material, the solution was acidified with 
w-hydrochloric acid, and the liberated lactone extracted several times with ether. Evaporation of the 
dried (Na,5O,) ethereal extracts in vacuo gave a solid residue, which was triturated with ether—light 
petroleum (4: 1) to yield the pyrone (1-7 g., 60%), m. p. 84-86 The product was obtained pure by 
dissolving it in hot (80°) water, filtering it to remove some oily material and cooling it to 6°, these 
operations being carried out as quickly as possible to minimise losses due to the instability of the pyrone 

he pure pyrons had m. p. 0698" (Pound : C, 663; H, 655. ¢ wt ,O, requires C, 66-6: H, 6-65%) 
Light absorption in ethanol (0-0115%) > Maximoam, 24104. toss e700 n 0-0ls-hydrochloric acid 
(aqueous, 6-0219%) | Maximum, 24504; 4, =~ 5250. In water (0-0056%) containing one equivalent 
of sodiam hydrogen carbonate Maximum 2605 ,., e,., 19.300 


The intermediate keto-ester could be purified considerably by low-temperature crystallisation from 
ether-light petroleum (4-1), from which it separated as a granular solid, m. p. ca 10°, »FP 1.5003 
Light absorption Maximum, 2450 4 Gene 1700 (cf. light absorption of ethyl acetoacetate 


Maximum, 2450 4.; Goss 1300) 


Reactions of 5 . 6. Dihydro-4-hydrosy-6-cyclopent-V'-enyl-2-pyrone (VUT {a) With p-phenviphenacyl 
bromede. The lactone (0-5 g.) and sodium hydrogen carbonate (0-23 g.) were dissolved in ethanol (5 c.c.) 
water (5 A solution of p-phenylphenacy! bromide (0-72 g.; 95%, theoretical amount) in ethanol 
(15 ¢.c.) was added, and the resultant mixture heated under reflux for 2-5 hours. Cooling the clear 
solution gave a solut (0-3 g.), m. p. 155.170", which after being washed with warm ether, followed by 
two recrystallisations from nitromethane and two recrystallisations from ethanol had m. p. 184—188° 
(Found. ©, 7695; H, 61. C,,H,,O, requires C, 770, H, 59% Light absorption Maximum, 
PEWO A. Case 24,100, Minimum, 2540 4.; tom Gsou 


(b) Wh semicarbactde A solution of semicarbazide acetate in methanol (1 « « prepared from 
semicarbazide hydrochioride (0-15 g.) and potassium acetate (0-15 g.)) was added to the lactone (0-3 g.) 
dissolved in a few drops of methanol, Within a few minutes, a crystalline precipitate appeared, which 
after 15 minutes was filtered off, the semicarbazome (XVI) (0-38 g.) had m. p. 211° (decomp.), unchanged 
on recrystallisation from ethylene glycol, from which it crystallised as plates (Found: ©, 552, H, 606; 
N, 17-75. C,,H,,O,N, requires C, 55-7; H, 635; N,17-7%). Light absorption Maximum, 2670 a.; 
Guns 17,00 


Ethy! acetoacetate semicarbazone prepared from the ester and semicarbazule acetate at room 
temperature had m. p. 120° (Satish Chandra, Quart. J. Ind. Chem. Soc., 1926, 3, 37. gives m. p. 129 
Light absorption : Maximum, 2270 4.; Goss 11.400 


Hydrogemation Platinic oxide (30 mg.) was suspended in glacial acetic acid (10c.c_) and hydrogen 
was admitted with shaking When the catalyst was fully redaced, the lactone (0-25 @) was added 
Hydrogenation was stopped after an uptake of hydrogen of 65-7 ¢.c. (theory for two moles., 65-5 c.« 
The catalyst was filtered off and the solution refluxed for five minutes in order to decarboxylate 8-keto 
acids. After cooling and the addition of water, the products were isolated with ether; the ethereal 
solution after evaporation gave a liquid residue which was treated directly with an excess of methanoli 
2: 4<initrophenylhydrazine sulphate. Chromatographic purification and recrystallisation from 
methanol gave 4-cyclopentvibuian-2-one 2 jdisibalkontiotnnans (0-16 g.. 40%) as orange-red 
needles, m. p. 05-4-.96° (Found: C, 5635; H, 635. C,,Hy,O,N, requires C, 56-2; H, 626%). Light 
sbeorption : Maxima, 2200 and 3640 4.; us, 16,000 and 21,200, respectively; Minimum, 2960 4 
tom « 2100 These absorption data correspond to those of a 2: 4-dinitrophenylhydrazone of a 
saturated ketone (Braude and Jones, /., 1045, 495) 


The same 2: 4-dlinitrophenyihydrazone (m. p. and mixed m P 955-96") was obtained from the 


bydrogenation product of 4-cyclepent-l'-eny!but-3-en-2-one (Heilbron, Jones, Toogood, and Weedon, 


wo this hydrogenation being carried out m ethanol solntion with a palladium-black catalyst 
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to completion under the above conditions three 
moles of hydrogen were absorbed, the third at a considerably slower rate than the first two. The 
product was a viscous acid, essentially 2-hydroxy-4-cyclopentylbatane-I-carboxylic ackd. «= This actd was 
dificult to purify owing to its instability. 


p-Phenylphenacyl Ester (X11) of the Acetylemic Actd, and ts H ydration.—Redistilled methy! ester (VI, 
2 g.) im methanol (30 c.c.) was ad te a solution of potassium bydroxide (1-2 g.) in water (BOc.c.) The 
solution was at room temperature for 45 hours, the acid (1-8 g.) was then isolated 

with ether. It was im water (5 c.c.) and sodium carbonate was added uatil no more carbon 
dioxide was evolved. few drops of ©-0ln-hydrochioric ackl were added to bring the pH to between 
6 and 7, followed by a warm solution of p-phenylphenacy! bromide (2-3 g.; 75%, of theoretical amount) in 
ethanol (40 c.c.), the mixture then bemg heated under reflux for two hours. The hot solution 
was decanted from a small amount of material and then cooled to 0° whereupon a solid (1-32 g.), 
m. p. 93-—-106°, separated. This materia! was triturated with 20-<.c. and 10-c.c. portions of dry ether 
to give nearly pure ester (0-09 g.), m 108 110°. Reerystallisation from methanol gave the = 
phenylphenacyl ester, mp. 111-—112° (Found : C, 765; H.615. C..HyO, requires C, 77-0; H, 50%) 

ht absorption : Maximum, 2860 4.; ¢... ~ 23,200; Minimum, 2ibo A; Seam = 3700 


Hydration of the above p-phenylphenacy! ester was accomplished by the addition of piperidine 
(0-16 c.c., 2 moles) to a solution of the ester (0-24 g.) in dry dioxan (1-6 c.c.) at 19 The temperature of 
the solution rose to 20°, and it was then maimtained at 34° for ene hour. Ether (5 c.c.) was added and 
the solution was quickly extracted with three 8-c.c. portions of 0-24n-hydrochloric acid. Ether (8 ¢.c.) 
was added to the combined acid extract, which was at 20° for four hours; the ethereal layer was 
separated and the aqueous layer extracted several times with ether. The combined ethereal extract was 
washed with sodium hydrogen carbonate solution, dried ar tin ), and evaporated ts vacwo. The 
residue was recrystallised from = mus Methanol to give the p-pheny/phenacyl ester (XIV) (0-09 ¢.), m. p 
100.—111° (Pound: C, 7425; H, 66. C,.H,,O, requires C, 73-45; H, 615%). Light absorption 
Maximum, 2000 4.; tes. « 15,000. Minimom, 25004.; ty. ~ 8400. This « d was unstabi 
mm ethanol solution at room temperature, the light absorption properties altering markedly. 


1-p-Chlorophenylbut-3-yn-1-ol.-A mixture of p-chiorobenzaldehyde (30 g.; m. p. 45°) (Org. Synth., 
Colt, Vol. I, p. 133) and propargy! bromide (25 g-) in ether (40 ¢.c.) and benzene (40 c.c.) was added at a 
moderate rate to activated zinc wool (14g.). When the reaction was complete, the cartinol was isolated 
in ether; distillation then gave |-p-chlorophenylbut-3-yn-l-ol (17-1 g., W%), b Pp o2...95° 0-07 mm... 
nlf 1-5605, m. p. 32° (Found ; C, 66-7; H, G1. CyH,OC! requires C, 66-5; Th 50 “): The non-volatile 
residue from the above distillation was trity ated with benzene to give a solid, which after recrystallisation 
from benzene, gave | : 5-di-p-chlorophenylpent-2-yn-1 : 5-diol (1-4 ¢.), m. p. 138° (Found: C, 63-85; H, 
42. C,,H,O,C\), requires C, 63-55; H, 44%). 


4-p-CAlorophenyl-4-hydsoxybut-l-yne-l-carborylic Acid and its Methyl Ester.__The above carbinol 
(12 ¢.) in dry benzene (50 ¢.c.) was added slowly to a solution of ethylmagnesium bromide in ether 
(40 c.c.) [prepared from magnesium (3-6 g.)). Carboxylation was then effected by Haynes and Jones's 
procedure (/., 1946, 503 Recrystallisation of the crude acetylenic acid from benzene gave 4-p-chloro- 
henyl-4-hydroxybul-|-yne-l-carborylic acid (8-9 g., 60%) as needles, m. p. 113-115" (Found: C, 581; 
1,39. (C,,H,O,Ci requires C, 58-8; H, 405%). Light absorption: Maximum, 2670 4.; tous 270 


A solution of the acid (5 g.) in methanol (100 c.c.) containing concentrated sulphuric acid (5 c.c.) was 
kept at room temperature for 24 hours. Isolation with ether gave the methy/ ester (3-55 ¢., 709 ), b. p. 135° 
(bath temp.; short path still) /10* mm., m. p. 35-5" (Found : C, 60-7; H, 405. C,,H,,O¢ P requires ¢ . 
60-4, H, 465% ' 





6-p-Chloropheny!-S~ 6-dihydro-4-hydroxy-2-pyrone.— Pure piperidine (0-25 c.c.) was added to a solution 
of the above methy! « (@-62 g.) in dry ether (1-5c.c.). After one hour at room temperature, more ether 
was added and the sai§tion was extracted with n-hydrochioric acid (#c.c.). After a further three hours 
at room temperature:an oil (keto-ester) had separated from the acid extract. 65~-Hydrochloric acid 
(30 cc.) was then added and the mixture was kept at room temperature overnight (16 hours). The solid 
was washed with a little ether to give crade pyrone (0-12 g.), m. p. 120.125 8 recrysta! lisation 
from hot (80°) water gave the pure pyrons, m. p. 127-131" (Found: C, 58-7; H, 40. C,,H,O,CI 
requires C, 58-8; H, 405%). Light absorption um, 2420 A.; fess, & 10,000 


The biological! testing of the compounds described in a a was made possible by a grant from the 


Agricultural Research Council. The tests were made in the Botany Department of this University, under 
the direction of Professor Eric Ashby, by Miss J. A. Bentley and Mr. S. Housley. 


The authors thank Mr. E. S. Morton and Mr. H. Swift for the microanalyses. One of them (J. B. B.) 
thanks the Department of Scientific and Industrial Research for a Maintenance Grant. 
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719. Researches on Acetylenic Compounds. Part Pv. 
Synthesis of (+-)-Kawain. 
By (Mes.) E. M. F. Power and H. B. Hewpesr. 
(+)-Kawain has been synthesised from cinnamaldehyde. Its infra-red and ultra-violet 


spectra and chemical ——— are identical with those of the naturally occurring ({ +)-kawain 
isolated by Borsche and h (Ber., 1990, @, 2414) from kawa root 


Dvuainc a very thorough investigation into the constituents of kawa root, Borsche and his 
co-workers (Ber., 1920---1033) isolated the three crystalline compounds, yangonin, methysticin, 
and kawain, and by degradation showed them to possess the closely related structures 
(1), (11), amd (111) respectively. The structure (I) for yangonin was confirmed by synthesis 


OMe OMe 
CHOCH 


) 
An) 


CHICH- ~CHCH-, 
(1) at) oO 1) oO 


Borsche and Bodenstein, Ber, 1920, 62, 2515), but attempts to synthesise methysticin and 
kawain were unsuccessful. Kawain has been used in the treatment of gonorrhcea, but detailed 
antibiotic tests do not appear to have been made (cf. Haynes, Quart. Reviews, 1948, 2, 72). 

Possible routes for the synthesis of these compounds from readily accessible starting materials 
presented themselves during work designed to build up the side-chain of auxin-b (see ]., 1950, 
3628, 3634) 


het HOH k 
PrCH=CH-CHO ae be PreCH=CH-CH(OH)CHyCaSCH §$(IV.) 
» 


; 


v 
PhCH=CH-CH(OH) CH, C2eCCO,R (V.) 


BY, he MeOH U- ; 
a NaOMe MeOH 


C(OMe), 
4 ¢ 
ch, oH = —» Ph CH=CH),-C(OMe)=CH-CO,H 
PreCH=CHCH CO 


VI Vil 


The modified Keformatsky reaction between cinnamaldehyde and propargy! bromide proceeded 
smoothly under the conditions described by Henbest, Jones, and Walls (/., 1949, 2696). In 
order to obtain the carbinol (IV) in a state of purity it was necessary to chromatograph the 
liquid product obtained after a preliminary vacuum-distillation; in this way a complete 
separation of (IV) (45%, overall yield) from unchanged cinnamaidehyde and a hydrocarbon 
impurity (probably Ph-[(CH——CH),-C=-CH) was achieved. The relatively non-volatile product 
from the Reformatsky reaction yielded the crystalline glycol (VIII) as a mixture of two stereo- 
isomeric forms, from which the higher-melting isomer was readily separated by crystallisation 


CHPh=—CH-CH/(OH) CH ,CSc-CH(OH)CH=CHPh (VIII 


Carboxylation of the carbinol (1V) was effected by treating the di-Grignard complex with 
carbon dioxide under pressure as described by Haynes and Jones (J., 1946, 503), although it was 
preferable to convert the carbinol into the Grignard complex at 0° instead of refluxing in 
ethereal solution. The total yield of acidic material obtained by carboxylation of the chromato- 
graphically purified carbinol was satisfactory (60-65%), but only a part of it could be induced 
to crystallise, giving the acid (V; R « H) in 30°, yield. No other definite compound could be 
isolated from the remainder of the acidic material even after esterification with methanol and 
attempted distillation of the ester. Carboxylation of the crude carbinol (IV) gave the crystalline 
acid (V; R «= H) in emalier yield (12—20°,) but this method was generally preferable for the 
preparation of the acetylenic acid in quantity since it obviated the chromatographic purification. 





(1950) Researches on Acetylenic Compounds. Part XXV. 3643 


The acetylenic acid was converted into its methyl ester (V; R « Me), and the latter was 
treated with methanol in the presence of a mercuric oxide~boron trifluoride catalyst in the 
manner described by Hennion and Zoss (J. Amer, Chem. Soc., 1941, 68, 1151; cf. Jones and 
Whiting, /., 1949, 1423). Addition of methanol took place exothermally and the liquid product, 
obtained in good yield, was shown to be the dimethoxy-lactone (VI) by analysis and by its ultra- 
violet absorption spectrum. Many attempts were made to eliminate methanol from this 
dimethoxy-lactone to give kawain (IIT), but only one was successful. This involved heating the 
dimethoxy-lactone at 150° for a short time followed by vacuum-sublimation, and gave crystalline 
(+)-kawain, but only in poor yield. Attempts to prepare kawain directly from the acetylenic 
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ester by modifying the experimental conditions under which the addition of methanol, was 
carried out or by storing the reaction mixture for some time in the expectation that’ he 
dimethoxy-lactone would be converted into kawain were also unsuccessful (cf. Jones and Whithhe 
loc. cit.) 

Borsche and Peitzsch (Ber., 1930, 63, 2414) observed that natural kawain was isomerised 
into kawaic acid (VII) on treatment with alkali under mild conditions. It was found possible 
to prepare kawaic acid directly from the acetylenic ester (V; R <— Me) by the action of sodium 
methoxide in methanol—addition of methanol to the triple bond being (presumably) followed by 
dehydration and hydrolysis. 

Another route for the synthesis of kawain was opened up by the work of Brown, Henbest, 
and Jones (J., 1950, 3634) on the preparation of 5: 6-dihydro-4-hydroxy-2-pyrones from 

unsaturated . Application of the method to the acetylenic ester (V; K = Me), 
derived from cinnamaldehyde, proceeded through the stages shown. The crystalline 5: 6-di- 
hydro-4-hydroxy-6-styryl-2-pyrone (XI) reacted readily with diazomethane in dioxan, but the 
expected product, kawain, was only obtained in small yield (5%). A better yield (30%) was 
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obtamed by conducting the diasomethane reaction in the presence of methanol (cf. Schénberg 
and Mustafa, / , 1946, 746) 


Vopr ied ee 
——e PhCH =CH-CH(OH)-CHYC(NC,H,) =CH-CO,R 


(Ix 
C-OH 


— cH, CH CHM, 
PhCH CH-C HM OM)-CHyCOCH COR MCH=CH¢H 
=e 


co 
Xs XI 


The melting potnt of synthetic (+ )-kawain is considerably higher (146-—147°) than that of 
the nateral (-+ )-isomer (106-—107°), but their chemical identity is clearly shown by a comparison 
of thei ultra-violet (see Experimental) and infra-red light absorption spectra. From the latter, 
shown in the Figure, it can be seen that the crystalline (+)- and (+)-kawain have nearly 
identical spectra, the small differences in two regions being probably due to differing molecular 
ofientation in the crystal structure. In chloroform solution, in the regions where the spectra of 
the crystalline forms were different, the absorption curves were identical 


EXPERIMENTAL 


(All m. p.s were taken on a Kéfler block and are corrected, and all light-absorption data were deter 
mined ia ethanol solution with a Beckman spectrophotometer 


1. Phenylhes-l-en-S-yn-3-ol (1V This was prepared from cinnamaldehyde by the procedure of 
Henbest, Jones, and Walls (/«. et A mixture of redistilled connamaldehyde (40 g }, propargy! bromide 
(34 g.). dry ether (40 ¢.c.), and dry tetrahydrofuran (40 ¢.c.) was added at a fast rate to freshly activated 
rime (21g The exothermic reaction started readily and was kept under control by external ice-cooling 
as necessary When the reaction subsiied, the solution was finally heated under reflux for | minute, 

ooled, and added to dilute acetic acid and ice, and the crude cartanol (48 g.) was isolated with ether in 
the usual way. listillation from a Claisen flask gave (4) impure cinnamaldehyde (0-6 g.), b. p. 
110° 01 mm, «}f 1-508, and (6) impure carbinol (31 g.), b. p. 110-130" 0-1 mm., «ff 1-582. For puritx 
ation, the impare carbinol (16-8 g.) in benzene (25 ¢.¢.) was adsorbed on a column of alumina (Peter 
Spence, Grade O; # =* 36cm). Development with benzene gave a chromatogram with the following 
appearance («#) a small orange band at the top, (+) a large vellow zone im the mid: \e, and (c) two dark 
Yellow bands at the bottom The two vellow bands in zone (c) were eluted through with benzene and 
rejected —they probably corresponded with unchanged cinnamakiehyde and I-phenylhexa-1  3-dien 
Syne After the column had been allowed to drain, the top zone (4) was removed with a spatula and 
rejected, amd the alumina of the middle zone (6) was eluted with ether-methanol (9:1) to give pure 
1 -phenyiher-l-cn-S-vyn-B-of (1V) (16-2 g., 45%), b 87° (bath temp.) /10°¢ mm., #ff 1.5777 (Found 
C826, H, 70 C,M,O requires C, 83-75 705%—low carbon values are often given by 
By-acetylenic carbinols, cf. Henbest, Jones, and Walls, foc. cs Light absorption: Maxima, 2455 
2525, and 20204. «© 16,000, 1300, and 900 respectively For the light absorption of the related 
l-pheny!but.1-en-3-ol, Braude, Jones, and Stern (/., 1046, 396) give: Maxima, 2480, 2510, 2810, and 
DUO « . 19,000, 19.500, 2000, and 1550 respectively.) Further attempted purification of the 
cartunol by treatment with sodium hydrogen sulphite or by partition between light petroleum (b. p. 40 
&)) and aqueous methanol did not alter the above physical constants 


Treatment of the carbinol with p-nitrobenzoyl chloride in pyridine at room temperature overnight 
gave, after crystallisation from methanol and then from hght petroleum (b. p. 60-—80"), the p-nitro 
benzoate, as pale yellow prisms, m. p. 77-78" (Found: C, 71-05; H, 485. C,,H,,O.N requires ¢ 
7106, HL 4&7% Light absorption Maximum, 2550 4.; « 30000, 


1: @ Diphenylnoma-1 | 8-dien-4-yne-3 : 7-diol.The dark undistilled residue from the carbanol prepar 
ation was dissolved in benzene, whereupon the glycol (2-3 g.) rapidly crystallised. Examination of the 
melting behaviour of this glycol on the Aéfler stage showed that it was a mixture of two stereoisomers 
with a melting point range of 124—-138 It was found possibile to concentrate the higher-melting isomer 
by trituerating the mixture with warm ether Recrystallisation of the insoluble part from aqueous 
methanol then gave the glycol, m. p. 147-148", as long needles (Found: C, 82-65 ii 655. C,,H,O, 
requires C, 82-55; H, 66%) Light absorption | Maxima, 2510, 2830, and 2020a., « 37,000, 2500, 
and 1500 respectively 


4 Hydrosy-4-phenylhes-5-en-1-yne-l -carbosryle Aad (V: R « H) and its Methyl Ester (VR Me 

A solution of ethyimagnesium bromide was prepared from magnesium (6 g.) in ether (0) c « This 
solntion waa cooled to 0° and pure | phenyihex-| en-5-yn-3-ol (17-2 g.) in benzene (150 c.c.) was added 
with stirring during an hour at 0 Stirring was then continued for | hour at 20 All the above 
perations were carned out in the presence of dry nitrogen The Grignard complex was carboxylated in 
an autoclave by the method of Haynes and Jones (Joc. cif.); the carbon dioxide pressure rose to 43 
atmospheres and remained at this value for 18 hours. The organic acid fraction was obtained as a 
brown syrup (13-5 ¢.) by evaporation of an ethereal extract under reduced pressure at > 20 Addition 
wf benzene gave a tan-coloured crystalline product (62 ¢ 30%). m. p. 106-—110 Recrystallisation 
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from benzene or ethy! acetate-light petroleum (b. p. 680-80") gave the aed as small needles, m. p. 120— 
123° (Found: C, 719; H, 56. C.,H,,O, requires C, 722; H, 56%) 
2520, 2830, and 2020 a.; ¢ — 10,000, 1300, and 800 respectively. N 
obtained from the remainder of the acid fraction and cumversion of the latter into the methyl cster 
(methanol-sulphuric acid) followed by attempted distillation at 10 mm. from a short-path still gave no 
volatile product. 

Two carboxylations of the impure carbinol (17-2 g. each time: =}? 1-582) by the above procedure gave 
the crystalline acid (m. p. ce. 110°) in yields of 2-6 and 4-4 g. respectively 


The methyl ester (V; R Me) was obtained by dissolving the acid (1 g.) in methanol (10 ¢.c.) con- 
taining sulphuric acid (1%,) and keeping the solution overnight at 20°. Isolation with ether gave a nearly 
quantitative yield of ester, b. p. 130° (bath-temp.; short-path still) /10* mm., »#]? 1-5680 (Pound. C, 
726; H, 63, Cy,Hy,O, requires C, 73-05; H, 615%). Light absorption: Maxima, 2510, 2830, and 
20204.; t= 1s, boo: 1300, and S00 respectively 

Reactions of Methyi 4-Hydroxy-6-phenyihes-5-en-1-yne-l-carborviate (VR Me) —(a) Conversion 
into hawaic acid (V1). The ester (100 mg.) was added to sodiam methoxide solution red trom 
sxiium (50 mg.) and methanol (0-5 c.c.)); a temperature rise of S was observed. After 3 minutes, the 
solution was acidified with dilute hydrochloric acid. The precytated solid was purified by extracting 
impurities with botling methanol, followed by crystaiisation from m-butanol or ethy! acetate ethanol 
The kawaic acid had m os 199° Geseme. } on the Kéfler stage and m p 183-184" (decomp.) in a 
capillary tube (Found : C, 73-05; H,63. Cale. forC,,H,,O0, > C, 73-05; H,616%). Light sheorption 
Maxima, 2510 and 3220 ,.: ¢ « 0500 and 40,000 respectively. Borsche and Peitzech (Ber, 1930, 68. 
2314) give m. p. 184-185", and Borsche and Blount (sbid., p. 2418) give mp. 186° (decomp). Kawatc 
acid obtained from natural ( +)-kawain by the method of Borsche and Peitzsch (ioe cif.) was identical in 
melting behaviour (and mixed m. p.) with the synthetic material 


(b) Conversion info hawaen (111) via Me dimethoxy-lactone (V1). The methyl ester (0-9 ¢ ) was treated 
with a solution of mercuric oxide (10 mg.) and boron triflwortde-ether complex (0-2 g.) in methanol 
(2¢.c.). The temperature of the mixture slowly rose from 20° to 45 After allowing the solution to cool 
to 25°, the product was isolated with ether, distillation then gave the lactome (V1) (0-64 g.) of 4-hydroxy- 
2. 2-dimethoxy-6-phenythex-5-ene-l-carboxylic acid. This had b. p. 120° (bath temp.) 10* mm., 
ap 15418 (Found: C, 68-45; H, 70; OMe, 23-5. C,,H,,O, requires C, 68-7; H, 6%; OMe, 23-5%) 
Light absorption : Maxima, 2520, 2820, and 2010 4.; ¢ = 16,000, 1200, and 900 respectively 


The dimethoxy-lactone was heated at 150° for 15 minutes at 20 mm. in ashort-path still, It was then 
distilled at 120° by lowering the pressure to 10* mm. The partly crystalline distillate was treated with a 
little dry ether, and the resulting solid was crystallised twice from aqueous methanol to give (4 )}-Aewer 
(35% yield) as needles, m. p. 146-—147° (Found: C, 73-0; H, Px Cy,H,,0, requires C, 73-05; H 

5%). Light absorption Maximum, 24404 e ~ 25,000; cf. light absorption of natural 

kawain : Maximum, 2450 4.; ¢ = 25,500 


Attempts to convert (IIT) into (+)-kawain by (a) heating or distilling it with toluene-p-sulphonic 
acid, (b) heating it with acetic anhydride, (c) treating it with boron trifluoride-ether complex, or (d) 
treating it with dilute sulphuric acid, were unsuccessful. 


(c) Conversion into hawain (III) via 5: 6-dihydro-4-hydroxy-6-styryl-2-pyrone (X1).--Piperidine 
(0-6 c.c.) was added to a solution of the methyl ester (0-78 g.) in dry ether (4.c.c.) at 15°, the temperature 
rising to 24°. The solution was kept at room temperature (ca. 20°) for | hour, and the piperidine-adduct 
(IX) was then extracted three times with 0-25n-hydrochioric acid. Ether (20 c.c.) was added to the 
slightly cloudy acid extract, and after being occasionally shaken during 2 hours the mixture was set aside 
overnight. The ethereal! layer was separated and the acid layer extracted once withether. The combined 
ethereal solutions were dined and evaporated im vacwo, and the residual crude keto-ester (X) was shaken 
with 0-IN-sodium bydroxide giving a slightly turbid solution. After 2 hours at room temperature, the 
solution was extracted with ether to remove neutral materials, and the extract discarded. More ether 
was added, followed by 2~-hydrochloric acid until the solution was acid to Congo-red. The ethereal 
extract was processed in the usual way to give a solid product which after two crystallisations from ethy! 
acetate-light petroleum (b. p. 60-80") (5: 1) gave the pyrone (XI) (0-12 g.), m. p. 142-144" (decomp.} 
(Found: C, tros H, 57. CyH,O, requires C, 721; H, 56-56%). Light absorption: Maximum, 


2470.24 a. © 29,000. Like other members of the same class of compound it gave a violet colour 
with neutral ferric chionde solution in aqueous methanol 


A solution of the pyrone (100 mg.) in a mixture of methanol (1 cc.) and ether (2 cc.) was treated with 
4 solution of diazomethane in ether until the solution became permanently yellow. The methylation was 
very rapid. Removal of the solvents in eacwe gave a solid, which after two recrystailisations from 
methanol yielded (+ )-kawain (30 mg.) as needles, m. p. 146-—147° (undepressed on admixture with the 
product obtained previously). Substitution of dioxan for methanol-ether in this methylation experiment 
gave a much poorer yield of kawain (5 mg.) 


The authors are much indebted to Professor E. K. H. Jones, F.R.S., for advice and encouragement, 
to Dr. B. K. Blount for providing a sample of (+)-kawain, and to Dr. H. P. Koch and Miss J. M. Fabian 
for measuring the infra-red spectra. One of them (E. M. F. F.) thanks Imperial Chemical Industries 
Limited, Dyestufis Division, for a research scholarship. Microanalyses were carried out by Mr. E. 5 
Morton and Mr. H. Swift 
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720. Researches on Acetylenic Compounds. Part XXVI. Further 
Reformatsky Reactions with Propargyl Bromides. 
By H. B. Hexwsesr, E. R. H. Jowzs, and I. M. S. Watts 


The modified Keformatsky reaction employing propargyl bromides has been extended to 
the vinylogous compoands (R<CHBr-CH=CH-C=sCH). Smooth reactions take place with 
carbonyl compounds in the presence of zinc, leading to rearranged (unconjugated) cartunols 

Methy! »-brumotetrolate has been prepared from propargy! alcohol, and has been found to 
condense normally with benzaldehyde in a Reformatsky reaction. Convenient methods of 
preparing tetrolic and y-hydroxytetrolic acids are described 


in an earlier paper in this series (Henbest, Jones, and Walls, /., 1949, 2606) it was shown that 
bromoacetylenes of the general formula K-CHBr-C——CR’ (where R and RK’ can be hydrogen or 
alkyl) undergo, in good yields, a Reformatsky type of reaction with carbonyl compounds in 
the presence of zinc. An extension of this reaction has now been investigated employing 
vinylogous bromides R-CH Br-Cli—CH-C=CH, in the expectation that the double bond would 
transmit the considerable activation of the triple bond as in the analogous case of y-bromo- 
crotonic ester (Fusom, Arnold, and Cooke, J]. Amer. Chem. Soc., 1938, 60, 2272; Ziegler et ai., 
Annaien, 1942, 551, 80) 

The bromides chosen for this work were the primary bromide, 1-bromopent-2-en-4-yne (f), 
and the secondary bromide, 4-bromohex-3-en-I-yne (II), which were readily prepared from 
pent-2-en-4-yn-l-ol (Haynes, Heilbron, Jones, and Sondheimer, J., 1947, 1583) and propenyl- 


HO-CHyCH=CH-C2CH > BeCHyCH=CHCECH (LL) 
MeCH=CH-CH(OH)-C2cH > MeCHBreCH=—CH<SScH (iL) 


ethynylearbinol respectively by reaction with phosphorus tribromide in the presence of pyridine 
at low temperatures, The former bromo-compound (1) was prepared previously as an inter 
mediate in the preparation of I-methoxypent-2-en-4-yne (Cheeseman, Heilbron, Jones, 
Sondheimer, and Weedon, J/., 1949, 1516), but was not isolated in a state of purity. The 
formation of the secondary bromide ([]) is accompenied by an anionotropic rearrangement 
similar to that occurring during the preparation of the corresponding chloro-compound by the 
action of thionyl chloride or hydrochloric acid on propenylethynylearbinol (Heilbron, Jones 
Lacey, McCombie, and Raphael, /., 1045, 77). The two bromo-compounds so prepared are 
uppleasant-smelling liquids which deteriorate slowly on storage. The light-absorption 
properties of these compounds, noted in the Table, aredn keeping with their structures, the 


considerable bathochromic and hyperchromic effects produced by the bromine atom being 
particularly marked 


Sones 
17,000 
16,500 
14,000 
13,500 


BeCH yCH=CH4250H (1) 
MeCH BeCH=CH-CS8cH (11) 
MeCHCPCH=—CH-CSSCH 
Me-CH(OH) CH=CHCSlCH 


Reformatsky reactions with these bromo-compounds were investigated with benzaldehyde 
and cyclohexanone; in each case, a smooth reaction ensued leading to the isolation of carbinols. 


a PreCHho > PhrCH(OH)CHMeCH=—CHtEECH (Iii! 


i 
Y 


on, 
iene } ee ag > PhCH(OH)CHEtPr < PhCHO + BrMg-CHEtPr 
<HIOM< 
(av) (v 


The expected product of the reaction between benzaldehyde and 4-bromohex-3-en-1l-yne (II) 
was the carbinol (111), but the compound isolated, although analysing correctly for (III), did 
not possess the high-intensity light absorption in the 2300-a. region exhibited by vinylacetylenic 
compounds. It has now been shown that a rearrangement takes place during the reaction to 
give the isomeric unconjugated carbinol (IV). This was proved (4) by ozonolysis, which gave 
acetaldehyde, and (6) by hydrogenation, which led to uptake of three molecules of hydrogen to 
give a product whose 3 : 5-dinitrobenzoate was identical with that of the carbinol (V), prepared 
from benzaldehyde and 3-hexylmagnesium bromide. This type of rearrangement also 
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occurred in the other three reactions examined, the carbinols obtained showing no appreciable 
light absorption in the 2300-a_ region 

A sumilar rearrangement occurring in a Reformatsky reaction was encountered by Jones, 
O'Sullivan, and Whiting (/.. 1949, 1415). These authors found that the reaction 
between benzaldehyde and y-bromocrotonic ester gave some of the rearranged product 
PheCH(OH)-CH(CO,Me)-CH—CH,, although the unrearranged ester 

Ph-CH(OHyCH yCH—CH CO Me 
was the major product of the reaction. Several more examples of this type of behaviour have 
been discovered by English, Gregory, and Trowbridge (private communication). 

The reaction of cinnamy! and gerany! halides in Grignard condensation with carbon dioxide 
and carbonyl compounds also leads predominantly to rearranged unconjugated compounds 
(cf. review by Barnard and Bateman, /., 1960, 932). Although much work has been done on 
the Gngnard reactions of allylic halides the precise reaction mechanisms are stull uncertain, and 
the factors influencing the extent of possible rearrangements are “ot yet fully understood 
(cf. Barnard and Bateman, joc. cif). However, it appears that reactions of mesomeric anions 
tend to occur at the point of highest charge density (Birch, Quart. Reviews, 1950, 4, 69). For 


’ mee, 
instance, in the reduction of Ph-CH--CH-—-CMe, to PhCH CH—CMe,, addition of a proton 
occurs at the position adjacent to the charge-stabilising pheny! group. In view of the somewhat 
similar electronic effects of the phenyl and the acetylenyl groups, it is likely that the highest 


a 
density in the anion MeeCH--CH--CH’C=<CH derived from (11) will be located on the carbon 
atom next to the acetylenyl group. On this basis, the formation of unconjugated carbinols in 
the Reformatsky reaction under discussion would be expected, but it does not rule out the 
possibility that the reaction proceeds via a cyclic transition complex (VI) analogous to those 


CH cH 
® 


7™ — 
Me-Hc U,CH-CCH Me-HC CH—C23CH 


Bede ¢ CR, oR, 


oO (VI) BrZn0 


postulated as intermediates in the Gngnard reactions of cinnamy! halides (Johnson, J. Amer. 
Chem. Soc, 1933, 55, 3020; Young and Roberts, sbid., 1046, 68, 1472), This mechanism would 
gain support from the fact that the C-ZnX bond would be more covalent than in the 
corresponding Grignard reagent, and thus jess likely to give rise to ions of the form discussed 
above 

The second part of this paper is concerned with the preparation of methy! y-bromotetrolate, 
and its possible use as a component in Keformatsky reactions, The products from such 
Reformatsky condensations should be 3-hydroxy-a$-acetylenic esters (VII), which are inter- 


R-CHO + BrCH CCH HO-CH CECH 


[z 


R’CH(OH)-CH,CSCH HO-CH,C#C-CO,R (VIL) 


‘ \~ 


(VIL) R“CH(OH)-CH/CEC-CO SMe <——— BrCHyCEC-COpe (IX,) 


MeCHBr-CH,Br © Me-C3C-Na => MeCEctO,R (X.) 


mediates in the preparation of compounds possessing the side chain structure of auxin-b (see 

J]. 1950, 3628, 3634). This alternative synthesis of these esters is outlined in the accompanying 
scheme, together with the original method. 

Treatment of methyl tetrolate (X; RK = Me) with N-br ccinimide appeared to be the 

obvious way of making methy! y-bromotetrolate (IX; R — Me). The reaction between these 

was found to be slow and the only products isolated were unchanged ester together 

with some methy! 2$-dibromocrotonate, [This reaction has been performed with ethy! tetrolate 

lla 
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(English and Gregory, J. Amer. Chem. Soc, 1949, 71, 1115) with similar results However, 
4 convenient method of preparing tetrolic acid was devised in the course of this investigation 
[pe readily accessible propylene dibromide was converted by the action of sodamide in liquid 
ammonia ito sodiopropyne, which reacted readily with carbon‘dioxide to give tetrolic acid in 
65%, overall yield 

An alternative method of preparing methyl y-bromotetrolate was then sought, and a route 
“a methyl y-bhydroxytetrolate (VIII; K «— Me} was investigated. The first stage in this 
series, the propuration of y-hydroxytetrolic acid (VIII; K « H), did not look very promising 
There is only one reference to its preparation, that of Lespieau (Ann. Chim., 1912, 27, 175), who 
passed carbon dioxide through a suspension of the Grignard derivative of propargy! alcohol in 
ether for fourteen days; no yield was stated. This reaction was repeated using the carbon 
iomide-undet-pressure technique of Haynes and Jones (/., 1946, 503), and ether being replaced 
by benzene. However, the Gnignarf complex was not appreciably soluble (and was therefore 
rather unreactive) even in the latter solvent, and long reaction periods were necessary to obtain 
t useful yield-sixteen days gave a 35%, yield of y-hydroxytetrohe acid 


* = 
) 


(AL) | (XIL) 


i 
Of OCH C=C-00,4 


Ree =cn 


Attention was then turned to the elegant method of protecting hydroxyl groups by an 
addition reaction with 2: 3-dibydropyran to give acetals. These adducts are easily converted 
back into the parent alcohol by means of dilute acid (Woods and Kramer, ]/. Amer. Chem. Soc , 
1047, 69, 2246) and are stable to organometallic reagents (Parham and Anderson, J. Amer 
Chem Soe., 1948, 70, 4187). Propargyl alcohol and 2: 3-dihydropyran gave the adduct (X1) 
n #9, yield, and, as expected, this compound gave a more soluble mono-Grignard derivative, 
which was readily carboxylated to give (X11). This acid adduct could be transformed into 
methy! y-hydroxytetrolate by hydrolysis to y-hydroxytetrolic acid followed by esterification 
55°, from X1), or, preferably (since it avoids isolating the very water-soluble y-hydroxytetrolic 
wid), by direct treatment of the magnesium complex from the carboxylation with methanul 
contaming sulphuric acid to give the desired ester (65°%,) together with 2-methoxypyran, easily 
«parable by distillation 

Treatment of methyl y-hydroxytetrolate with phosphorus tribromide under mild conditions 
gave methy! y-bromotetrolate (LX), shght!y contammated with an isomeric impurity not easily 
separeted by fractional distillation. This impurity may be the bromo-allenic ester 
(CH= C—CBrCO Me), formed by anionotropic rearrangement. The Keformatsky reaction 
between methyl y- bromotetrolate and benzaldehyde proceeded smoothly to give the expected 
ester (VIL; RK’ « Ph) in 40% yield. The crystalline acid obtained by hydrolysis of this ester 
was identical with that obtained by the original route by Henbest and Jones (/., 1950, 362%) 

Although the preparation of 4-hydroxwv-a$-acetylenic esters employing a Keformatsky 
reaction with methyl y-bromotetrolate has been achieved, the original route employing propargy! 
bromide seems preferable, the vields are somewhat higher and the carboxylation stage is more 
easily carried out 


EXPERIMENTAL 
(Light absorptions were determined in ethanol solution with a Beckman spectrophotometer 


5 Bromohes-3-en-l-yne (il) A solution of phosphorus tribromide (31 g.) in dry ether (90) c.c.) was 
added dropwise with stirring to a mixture of propenylethynylcartinol (30 ¢ Heilbron, Jones, and 
Weedon } 1945, 83) and dry pyridine (5 cc ) the imternal temperature being kept at 15 The 
mixtare was then allowed to attain room temperature and stirring was continued for a further hour 
The product was isolated with ether, and careful distillation gave 5-bromoher-3-en-l-yne (34-5 ¢), b. p 
“12 mm, wf 15212 (Found) C, 4565; H, 45. C,H,Br requires C. 453: H, 445%) Light 
absorption see Table The bromo-compound darkened tairly quickly when kept at © but after a 
month most of the material could be recovered by distillation 


4.1 Mydrosve volohervlhe & 2-cn-5-yme A solution of the above bromo-compound (16 ¢.) and pure 
ry cyvelohbexanone (13 g.) in ether (70 cc.) was added to anc wool (6 ¢) and benzene (20 «« the 
eaction proceeded at a vigorous rate. Isolation of the product with ether gave the carhinol (65 ¢.), 
b p. 59° 0-01 mm. «ff 14979 (Found) C, 805. H, 1035 C,.H,,O requires C, 80-85, H, 102%). It 
vowed no selective hght absorption m the region 22> DO a 


2. Ethywyl l-phenyipent-3-em-l-ol (IN A solution of 5-bromohex-3-en-l-yne (16 ¢) and benz 
dehyde (11 g.) in ether (70 cc ) was added to gine wool (6g.) in benzene (20 c « a Vigorous reaction 
curring. Isolation with ether gave the carbine! (7-6 g). b. p. 78-—79°'0-01 mm., wP 1.5416 (Pound 

(837 HO TSS C.H,,O requires C, 83-8) H. 76%). [It showed no selective light absorption in the 
com TPO. eee 
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Reactions of the Cartinol (1V).—(a) Ovenolyms. Ononised oxygen (3%, | «a. 400 mg. of ozone per hour) 
was passed into a solution of the cartinol (1 g.) in carbon tetrachloride (15 ¢.c,) at © until the — 
gas raptdly turned starch -potassium w«lice biue. The solvent was removed sm sacue, the 
remdual ozone was decomposed by the of mnc dust (5 g.) and acetic acid (15 c.c.). Water 
(30 «.c.) was added, and the mixture was then distilled, portions of distillate collected in tubes 
contaming a saturated aquecus solution of 2. 4dinitrophenythydrazine by idle. The first 
fractums yielded acetakiehyde 2 4 yih (combined weight, 031 g.. 30%), m. p 
and mixed m. p. with an authentic sample, 167—~168". 

(b) Hydrogenation. A solution of the cartanol (1-86 g.) in methyl acetate (30 c.c.) was shaken in an 
atmosphere of oY with platinum oxide (50 mg.) unti absorption of hydrogen was complete ; 740c ¢ 
were taken up at 22°/770 mm. (theor, 720 c.c.). Removal of the catalyst and solvent followed by 
distillation gave 3-e-hydroxybenzyl-hexane (V) (16 g.), b. p. 74-—76°/001 mm. af 1-012 
«cl. succeeding experiment). A portion of the carbinol was warmed with a slight excess of 3: 5-dinitro 
benzoyl chloride for 5 minutes. Addition of water followed by a little methanol gave a solid product 
which after recrystallisation from aqueous methanol gave the 3 | 5-dintirobenroate as platelets, mp. 112° 
(Found: C, 619; H, 5-95, N, 745. C,.H,O,N, requires C, 622, H, 5-7; N, 73%) 

3-a-Hydroxybencyl-n-hexane from 3-Bromohenane -—Hydrogenation of hex-l-yn-3-cl (propylethyny!- 
carbinol) (20 g.) in methyl acetate solution im the presence of platinum oxide (100 mg.) gave hexan-3-ol 
(18-8 g.). b. p 69°60 mm., »]f 14180. Treatment of a mixture of this carbinol (10 ¢.) —_ 
(5 g.) with a solution of phosphorus tribromide (10 g.) in ether (20 ¢.c.) at — 10° led to 3-br 
(#2 g.), b. p. 53°/20 mm, «lf 1-4483 (Shoule and Waldo, /. Amer. Chem. Soc, 1933, G6, 4640, give b. p 
66.67 49 mm., wf 1.4469) ; 

A solution of 3-bromohexane (6 g_) in ether (10 c.c.) was added dropwise with stirring to magnesium 
(0-9 g.) in ether (10 ¢.c.). When the magnesium had dissolved, benzaldehyde (4-5 g.) was added to the 
Gorngnard solution, and stirring was continued for 30 minutes. Isolation of the product with ether in the 
usual way gave 3-e-hydroxybeazyl-»-hexane (V) (3-6 ¢.), b. p. 76-—77° 001 mm., aff 15008 
3. 5-dinitrobenzoate, prepared as described in the previous experiment, had m. p. 111"; on admixture 
with the previous material the m. p. was 111-112 

1- Bromopent-2-en-4-yne (1).--A solution of pent-2-en-4-yn-l-ol (41 g.) [ by the method of 
Haynes, Heilbron, Jones, and Sondheimer (/., 1947, 1583)) in dry ether (50 c.c.) contaming pyridine 
(5 c.c.) was treated with eee arate tribromide (50 g.) in ether (50 ¢.c.) under the conditions employed 
for the pope of 5-bromohex-3-en-l-yne (see above) Distillation gave 1-brom« t-2-en-4-yne 
(53 g.). b. p. 43°/25 mm, eff 1.5430 (Pound: C, 41-5, H, 3-35. C,H, Br requires C, 41-7; H, 35%). 
Light absorption see Table This bromo-compound was rather less stable than its homologue (11) 

eae l-en-4-yne — This carbinol was by adding a solution of 1-bromopent 
2-en-4-yne (20 g.) benzaldehyde (18 g.) in tetrahydrofuran (40 c.c.) to zinc wool (9 g.) in tetrahydro- 
furan (20 c.c.). Owing to the thermal instability of the carbinol it was necessary to perform a fairly 
rapid preliminary distillation at 0-1 mm. from a Claisen flask in order to separate it from unchanged 
benzaldehyde and polymeric material. Further rapid distillation then gave the carbinol (7-4 ¢), b. p 
72-73" 0-04 mm., nf 1-5470 (Found: C, 83-45; H, 72. C,,H,,O requires C, 83-7, H, 705%) fe 
showed no selective hght absorption in the regicn 2200-3000 a 

Condensation of |-bromopert-2-en-4-yue with cyclohexanone in the presence of sinc procee:\ 1 
smoothly, but the resultant carbinol dec omposed considerably during distillation. The reaction between 
cyclohexanone (15 g.), zane (7 g.), and 1. brome t-2-en-4-yne (15 g.) in tetrahydrofuran (100 ¢ c.) gave 
crude 3-1’-hydroxyeyclohexylpent-1-en-4-yne (6-2 g.), b. p. 52°/0-1 mm., m}f 1.4970 

y- Hydroxytetrolic Acid (3-Hydrexyprop-\-yne-l-carboryise Acid) and its Methyl Ester (VILL; Rom H 
and Me) —(a) By carboxylation of propargyl alcohol. Propargy! alcohol (14 g.) was carboxylated by the 
method of Haynes aad Jones (Joc. cit.) n order to obtain appreciable yields of acid it was necessary te 
treat the Grignard complex in an autoclave with carbon dioxide for longer periods—a 16 day reaction 
period led to a 35% yield of »-hydroxytetrolic acid, m 115’, after crystallisation from benzene 
(Lespieau, loc. cit., grves m. p. 115-116"). Isolation of the acid from aqueous solutions during the 
working-up processes had to be effected by continuous ether-extraction 

(b) Via 2-prop-2’-yn-1'-ylorytetrahydropyran (X1}. Phosphorus oxychloride (100 mg.) was added to 
a mixture of propargy! alcohol (#4 g.) and 2 we gy my (126 .). The mixture rapidly became 
warm and was cooled in ice to moderate the reaction. fter 2 hours at room temperature, potassium 
hydroxide solution was added and the product isolated with ether. Distillation gave 2-prop-2’-yn-1' 
vloxytetrahydropyran (186 ¢., 90%) as a pleasant-smelling liquid, b. p. 78°/25 mm., #ff 1.4570 (Found 
C, 68:45; H, #35. C,H,,O, requires C, 665; H, 86%). This compound gave a precipitate with 
ammoniacal silver nitrate in methanol solution, confirming the presence of an ethyny! group 

A solution of this adduct (14 g.) in benzene (200 c.c.) was added to a solution of ethylmagnesium 
bromide prepared from magnesium (2-4 g.) in ether (100 c.c.), the complex formed being largely retained 
in solution. The product obtained after a carboxylation period of 24 hours was decomposed with 20%, 
sulphuric acid with vigorous shaking, which hydrolysed the labile acetal grouping to give y-hydroxy 
tetrolic acid, isolated as in the previous experiment by continuous ether-extraction. The yield of acid 
was 5-1 g. (61%), improved to 64% by substituting tetrahydrofuran (200 ¢ c.) for benzene in the first 
stage of the preparation. 

For esterification, y-h ytetrolic acid (8 g.) was dissolved in methanol (100 «.c.) containing 
sulphuric acid (2 c.c.) fter 24 hours at room temperature, sodium hydrogen carbonate (3 g.) was 
ad and most of the methanol was removed i# cacuc. Water (20 c.c.) was added, and the ester was 
isolated by several extractions with ether, the ethereal extract then being processed in the usual way 
The above isolation procedure, in which most of the methanol is removed before the addition of water and 
ether, was found to be very convenient for obtaining this water-soluble ester Distillation gave methy/ 
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y dydrosytetrolate (76g), b. p. 73°/0-6 mm., 14712 (Pound: C, 52-25; H, 535. C,H,O, requires 
Chee. H53ay%). 7 ~_ 
This ester was also obtained by 

magnesium (4-8 g.) in ether (100 ¢¢.}, at @. After the mixture been treated with 
carbon dioxide in an autoclave for 24 hours, methanol (300 ¢.c.) containing sulphuric acid (28 g.) was 
added to the complex, and the mixture was kept overnight at room temperature. The ether and some 
of the benzene and methanol were removed by distillation, which removed much of the water formed 
during the esterification, the reaction mixture then being kept for a further 24 hours at room temperature 
Sodium hydrogen carbonate was added to neutralise the mineral acid, the mixture was filtered, and three- 
quarters of the solvent removed by distillation. Water (200 c.c.) was added and the ester was isolated 
with ether in the usual way, Distillation gave the ester (14-4 g., 65%), b. p. 63°/0-1 mm., wf 1-4721. 


Methyl y-Bromotetrolate (Methyl 3. Bromoprop-\-yue-\-carborylate) (1X) —A solution of phosphors 
tribromide (12 g.) in ether (50 ¢.c.) was added to a stirred mixture of methyl »-hydroxytetrolate (12 g.) 
and pyridine (1 g.) in ether (50 ¢.c.) during an hour, the internal temperature being kept at — 50°. After 
the mixture had been stirred at this temperature for an hour, the product was isolated with ether 
Distillation gave the ester (8-0 ¢.), b. p. 60—67°/0-5 mm, w]f 1-5240—1.5280. The homogencity could 
not be tnguowed further distillation; analytical data obtained with a middle fraction were Found 
C, 336; H,32 46-35. CHO Br requires C, 33-7; H, 3-4; Br, 44-09%, 

Methyl 4-Hydroxy-4-phenylout-1-yne-\-carborylate (VIL; R’ = Ph).—A solution of methy! y-bromo- 
tetrolate (2.5 g.) and benzaldehyde (1-4 ¢.) in ether (5 ¢.c_) and tetrahydrofuran (5 c.c.) was ed dre 
wise to activated zine wool (1-2 g.) in ether (2-5 c.c.) and tetrahydrofuran (2-5..c.). Addition of a little 
mercuric chioride initiated the reaction, which was finally completed by heating the mixture under 
reflux for 10 minutes. Isolation with ether gave a product from which unchanged benzaldehyde was 
removed at 60° 0-01 mm... the re der then distilled as a viscous liquid (1-55 g.. 40%) at 100° (beth- 
temp. ; short-path still) 10° mm, »]f 1.5480. Henbest and Jones (loc. cit.) give nf 1-5400 for the pure 
methy! ester 

Proof of structure for the ester was obtained by («) alkaline hydrolysis (potassium hydroxide in 
aqucous methanol) to give the corresponding acid, m. p. and mixed m. p. with an authentic sample, 104°, 
and (6) benzoylation to yield the benzoate, m. p. and mixed m. p. 72° (cf. Henbest and Jones, loc. cit.) 


Tetrolse Acid and us Methyl Exter (X; BR « H and Me).-A solution of sodamide in liquid ammonia 
(2-45 1) was prepared from sodium (69 g.) by the method of Vaughn, Vogt, and Nieuwwland (/. Amer 
Chom. See, 1034, 56, 2120), the reaction being carried out in a &1. 3-necked flask ipped with a 
mechanical stirrer and surrounded by cork-dust ing. Propylene dibromide (150 Pt propylene 
dichloride, 4 g.) in dry ether (150 ¢.c.) was added with st to the sodamade solution, a 
strongly exothermic reaction taking place. When the addition of the dibromide was complete, the 
mixture was stirred for 30 minutes. Dry ether (1 |.) was then added, the cork lagging was removed, 
and the mixture was stirred overnight during which most of the ammonia ¢ rated. Moisture was 
excluded in all these operations by means of soda lime guard-tubes. After an tional 500 c.c. of dry 
ether had been added, the remainder of the ammonia was removed by passing a gentile stream of dry 
nitroges into the well-stirred suspension of sodiopropyne. the internal temperature being kept at ca. 25 
by warming as necessary. The mixture was poured on solid carbon dioxide (2 Ibs.) in an autoclave, 
which was then sealed and kept at room temperature for 24 hours. Isolation of the acid fraction with 
ether (4 extractions necessary from aqueous solutions of tetrolic acid) rave tetrolic acid (41 g., 65%) 
as a light-brown solid, m. p. 71-75", which was used directly for esterixcation. The pure acid, m. p. 
76°, could be obtained by extracting the crude acid with hot bght petroleum (b. p. 60-80") and cooling 
the extract to 0 

A solution of tetrolic acid (41 g.) in methanol (150 ¢.c.) comtaiming sulphuric acid (1-5 cc.) was heated 
under reflax for 16 hours. Isolation with ether followed by distillation gave homogeneous methy! 
tetrolate (3%-2 ¢.), b. p. 76-—77°/80 mm., ai? 1.4400 





Microanalyses were carried out by Mr. E. S. Morton and Mr. H. Swift. One of us (1. M.S. W.) thanks 
the Department of Scientific and Industrial Research for a Maintenance Grant 
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721. Researches on Acetylenic Compounds. Part XXVII. The Pre- 
paration and Properties of the Toluene-p-sulphonates of Acetylenic 
Alcohols. 


By G. Eourton and M. C. Wairine. 


Treatment of By- and yé-acetylenic alcohols with toluene-p-sulphony! chiorde gives esters, 
often in excellent yield, which in their properties closely resemble the corresponding halides 
Indeed the latter are most readily obtained from these toluene-p-sulphonates, which are also 
convertible, in the case of the By-acetylenic alcohols, into vinylacetylenes on treatment with 
alkaline reagents 


fue conversion of aB-acetylenic alcohols into the corresponding halides by treatment with 
thiony! chloride, phosphorus halides, etc.. is a well-known and widely applicable reaction (see, 
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inter alia, Henry, Ber, 1873, 6, 728; 1875, 8, 308; 1884, 17, 1133; Newman and Wotiz, 
J. Amer. Chem. Soc, 1949, 71, 1206). The present work originated in an attempt to extend 
this reaction to Sy- and yé-acetyleni alcohols possessing a tree ethyny! group : 

HCSC(CH CH-OH — >» HOSO(CH CH Br 


The halides so obtained were required for the synthesis of a senes of acetylenic: compounds 
im which the triple bond is situated at the end of a carbon chain farthest from the functional 
group. The availability of such compounds would do much to increase the value of acetylenic 
compounds in synthetic work 

Direct treatment of the Sy and y6-acetylenic alcohols, bui 3-yn-l-ol and pent-4-yn-!-ol, 
with morganic acid halides was found to give the corresponding acetylenic halides, but only in 
small yield. From but-3-yn-1l-ol and phosphorus tribromide in the presence of a little pyridine, 
for example, considerable quantities of high-boiling material contaiming phosphorus and 
bromine, and also a fraction apparently consssting largely of dibromobutenes, were obtained in 
addition to only 7% of the acetylenic bromide, the purification of which was troublesome 
Apparently, considerable quantities of phosphite were formed, the hydrogen bromide produced 
then adding both to the phosphite and to the desired acetylenic bromide. (Since this work was 
begun, Newman and Wotiz (/. Amer. Chem. Soc., 1949, 71, 1206) have described the preparation 
of the corresponding bromide from a Sy-acetylenic alcohol not possessing a free ethyny! group, 
the vield being much lower than those recorded for similar alcohols in which the acetytenic bond 
is in the «$-position. Very recently Schlubach and Wolf (danalen, 1960, 568, 142) have 
described the preparation of 4-bromobut-l-yne from but-3-yn-l-ol and phosphorus tribromide ) 

it was considered likely that, although improvement s in these yields obtained could doubtless 
be achieved, Sy- and y8-acetylenic halides would never be obtainable, in a state of purity and 
in good yield, from the corresponding alcohols by direct treatment with morganic acid halides. 
As an alternative route to reactive derivatives of these alcohols attention was then directed to 
the preparation of the corresponding toluene-p-sulphonates. It was found that toluene-p- 
sulphony! chloride and pyridine converted but-3-yn-l-ol and pent-4-yn-l-ol into the 
corresponding esters in about 85% yield, and that pent-4-yn-2-ol, a secondary alcohol, gave a 
92°, yield of ester These esters could be distilled at 10* mm., or on a small scale at 0-02 mm., 
without decomposition, but were normally used without purification. 

Various by-products were formed in the reaction : (4) A small quantity of 5-chloropent-l-yne 
was isolated from a preparation of the corresponding toluene-p-sulphonate; it was probably 
formed by a reaction between the latter and pyridine hydrochloride (see Hess and Stenzel, 
Ber, 1935, 68, 981). (6) When in the preparation of but-3-yn-l-yl toluene-p-sulphonate the 
pyridine was incompletely removed before isolating the ester, but-3-yn-1-ylpyridinium toluene- 
p-sulphonate was obtained (cf. Sekara and Marvel, J]. Amer. Chem. Soc , 1933, 55, 345). Some 
quaternisation probably occurred during the preparation of the esters of primary alcohols by . 
this method. (c) A very imert by-product containing sulphur and chlorine, of unknown 
structure, was obtained when chloroform was used in the isolation of pent-4-yn-2-y! toluene-p- 
sulphonate. Its empirical formula corresponded to the addition of HOC] or H,O + HCl to 
the molecule of the toluene-p-sulphonate 

Treatment of the a$-acetylenic alcohol, ethynylpropyicarbinol, with toluene-p-sulphonyl 
chloride and pyridine gave the corresponding ester in 70% yield, though im this case the 
conditions were more critical, presumably because of the more ready quaternisation of the 
pyridine (cf. the reactivity of allyl benzenesulphonate; Matheson and McCombie, /., 1931, 
1103). Applied to the di-primary a$-acetylenic glycol, but-2-yne-1 : 4-diol, the method failed 
completely, no non-volatile material being obtained. Phenylethynylcarbinol also failed to 
yield a toluene-p-sulphonate under these conditions: the carbinol was not recovered, 
presumably because it was converted into a water-soluble quaternary salt. When the tertiary 
a$-acetylenic alcohol, |-ethynyleyclohexanol, was treated with toluene-p-sulphony!l chloride 
and pyridine a slow dehydration reaction took place and l-ethynyleyclohexene was formed in 
40°, yield 

Since the toluene-p-sulphonates of but-2-yne-1 : 4-diol and of phenylethynyicarbinol were 
required for further work attention was turned to the condensation of the alcohols with toluene- 
p-sulphony! chloride in the presence of sodium hydroxide, which had been used successfully by 
Schlichting and Klager (U.S.P. 2,340,701; Chem. Abstr. 1944, 38, 4269) in the cases of 
propargyl alcohol and methylethynylearbinol. The glycol readily gave the corresponding 
ditoluene-p-sulphonate in 50—60% yield; this was found to react readily with pyridine and 
with triethylamine or diethylaniline, even at room temperature, to give syrupy quaternary 
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salts. The failure of the pyridine method im this case is thus explained. Phenylethyny!- 
carbinol, however, was recovered unchanged after treatment with toluene-p-sulphony! chiornde 
and sxitum hydroxide, probably because its ester is rapidly bydrolysed by sodium hydroxide 
Attempts to substitute calcium of magnesium hydroxide proved imeffectual 

Treatment of but-3-yn-l-y! toluene-p-sulphonate with sodium iodide in acetone gave the 
corresponding iodide in 64% yield, and reactions with lithium chloride and anhydrous calcium 
bromide (using 2-ethoxyethanol and 2-(2-ethoxyethoxy)ethanol, respectively, as solvents gave 
the corresponding halides in 99 and 80% yields Similar results were obtained from pent-4-yn- 
l-yl toluene-p-sulphonate, this method is thus clearly preferable to direct treatment with 
halogenating reagents as a method of preparing %y- and yé-acetylenic halides, especially since 
the products thus obtained were very readily purihed. In many cases, however, this conversion 
is unnecessary since the toluene-p-sulphonates themselves undergo reactions similar to those 
of the halides (see below; also Jones, Whiting, and Eglinton, forthcoming publication) 

Since the preparation of 1: 4-dibromobut-2-yne from but-2-yne-1 : 4-diol by treatment with 
phosphorus tribromide (Johnsen, /. 1946, 1009) has been found to give a somewhat 
inhomogeneous product (Henbest, Jones, and Wallis, private communication), the reaction 
between the corresponding toluene-p-sulphonate and calcium bromide was examined. A 75°, 
yield of the halide was obtained; it proved to be homogeneous and had physical constants in 
agreement with those recorded by Valette (dan. Chim, 1948, 3, 646 

On treatment with strongly alkaline reagents, ¢.g., sodium hydroxide, sodium »-butoxide, 
and potassium cyanide, the toluene-p-sulphonates of the two Sy-acetylenic alcohols were found 
to lose toluene-p-sulphonic acid, with the formation of the corresponding vinylacetylenes. If 
this reaction is generally applicable it constitutes a useful synthesis of monosubstituted viny! 
acetylenes not otherwise easily accessible, since the Sy-acetylenic alcohols can readily be 
obtained from the corresponding aldehydes by a Reformatsky reaction with propargy! bromide 
(Henbest, Jones, and Walls, /., 1949, 2606) 


R-CHO > RCH(OH)CH/CSCH ~> RCH=—CHCESCH 


In this way, treatment of but-3-yn-l-yl toluene-p-sulphonate with alcoholic potassium 
hydrowide readily gave vinylacetylene (77°, overall yield from but-3-yn-I-ol Indeed this is a 
very useful method of preparing small quantities of vinylacetylene of assured purity, since 
vinylacetylene prepared by dimerisation of acetylene requires mgorous purification to free it 
from higher polymers, viny! chloride, etc. When the dehydroacylation was effected with 
«xlamide (2 moles) in hquid ammonia, the sodio-derivative of vinylacetylene was formed, and 
addition of paraformaldehyde and isolation of the product then gave pent-4-en-2-yn-1-ol, 
albeit in smal! yield. A convenient method for the prepartion of vinylacetylenic cartnols is 
thus indicated 

Potassium bydroxide (a 30%, aqueous solution at 100° was convenient) reacted with pent-4- 
yn-2-yl toluene-p-sulphonate to give a volatile hydrocarbon, b. p. 46-—48", nj? 14556. From 
its method of formation and its light absorption, that of a typical vinylacetylene, it is evidently 
pent-2-en-4-yne, though because of its volatility accurate analytical data could not be obtained 
The overall yield from pent-4-yn-2-ol was about 90°, when a suitable technique was employed ; 
careful fractionation showed it to be homogeneous, and condensation through its Grignard 
reagent with cyclohexanone gave a 73°, yield of the expected cartinol which analysed correctly, 
gave crystalline derivatives, and showed light-absorption similar to that of the parent hydro 
carbon (Hamlet, Henbest, and Jones, forthcoming publication) Its structure is therefore 
established ; however, a hydrocarbon, b. p. 62°, wn]? 1438, was obtained by Lespieau and Journaud 
(Bull. Soc. chim., 1931, 49, 423) and tentatively formulated by them as pent-4-en-2-yne. The 
two hydrocarbons are clearly not identical, Lespieau and Journaud investigated the action of 
allyl chloride on sodium acetylide, and obtained this hydrocarbon only in the first of several 
experiments, no proof of homogeneity was given, but it formed a silver salt, and its high boiling 
pomt was considered to prove that it could not be allylacetylene. It is possible that this 
hydrocarbon consisted essentially of pent-l-en-3-yne for which Jacobsen and Carothers 

|. Amer. Chem. Soc., 1933, 55, 1622) give b p 50° 760 mm, #® 144696) admixed with ally!- 
scetvlene, the presence of the latter would account for the silver salt and the lower refractive 
index, and the reaction by which the former was obtained (migration of the triple, instead of the 
double, bond) would then be analogous to the formation of |-phenylprop-l-yne from benzy! 
chloride and sodium acetylide (Lespreau and journaud, Joc et) and of penta-1 : 3-diyne from 
ropargv! bromide and sadium acetylide (Schlubach and Wolf, loc. cit) 
Treatment of the toluene-p-sulphonate of propylethynyicarbino! with sodium ethoxide gave 
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the corresponding ethy! ether in 55°, yield. Whilst this is a more general route to 
2§-acetylenic ethers than published methods, the easily accessible af-acetylenic carbiny! bromides 
would probably be equally satisfactory in this reaction. As was expected but-2-yne-1 . 4-diol 
ditoluene-p-sulphonate apparently behaved toward ethanolc sodium ethoxide in the samé way 
as the corresponding dichloride (johnson, loc. cit.), diacetylene being formed rapidly and 
converted by alcohol addition more slowly into l-ethoxybut-l-en-3-yne. The toluene-p- 


sulphonate of pent-4-yn-1l-ol was converted by sodium ethoxide solution into the corresponding 
ethyl ether 


EXPERIMENTAL, 


Hut-3-yu-l-yl loimene-p sulphonate -A solution of toluene-p-sulphony! chlomde (42-6 g.) in warm 
pyridine (20-5 g.) was cooled rapidly to obtain small crystals, and but-3-yn-!-ol (14 ¢.) was added slowly 
during }) minutes with mechanical stirring. The temperature of the mixture was kept below 25° by 
external cooling, after the exothermic reaction had subsided the mixture was set aside at 20° for 
18 hours. Water (30 c.c_.) was then added with cooling, and when the exothermic reaction had ceased 
the mixture was poured into water and extracted with ether. After rey d hing with selphurte 
acid to remove the pyridine, then with sodium hydrogen carbonate solution, evaporation of the dred 
solution and removal of more volatile material at 100° /0-01 mm. gave the crude ester (37 g¢., 84%), off 
15252. A small portion was distilled with slight decomposition at 125° 0-01 mm. and another at 90" 
(bath temp.) /10* mm. to give the purest imen obtained, #]f 1-5262 (Found C, 57-6, 581, H, 5-06, 
$95. C,,Hy,O)S requires C, 58-9) H, 54%). Attempted distillation of c+. 40g. at 0-5 mm. resulted in 
explosive decomposition 








The yield in this reaction and in similar acylations fell considerably when the temperature was 
allowed to exceed 35° or was kept below 5 It also fell slightly when the amount of pyridine was 
increased in order to obtain a homogeneous solution When 2 6-lutidine was substituted for pyridine 
no heat was evolved on mixing of the reagents; 1-5% by volume of pyridine was then added, whereupon 
the reaction took place rather slowly, the temperature being kept at about 40 The yield was 84%, ee 
the decomposition of the excess of toluene-p-sulphony! chloride was sluggish and appeared to be 
incomplete, some being present in the crude product 


On one occasion when the pyridine wes not adequately removed by washing with acid, a crude 
product was obtained which solidified partly on cooling. By treatment with, ether the solid was 
separated, after recrystallisation from tsopropanol 1|-(but-3-yn-l-vilpyridimimm toluene-—p- sulphonate 
formed deliquescent needles, m p 120. 130° (Found: C, 63-1; HM, 565. C,,H,.O.NS requires € 
43-35, H, 565%). The same salt was obtaingd’ when the ester was heated with pyridine. When a 
solution of this salt was treated with cupric sulphate and hydrazine sulphate a clear brown solution, 
presamably containing a water-soluble cuprous vative, was obtained 


Pent-4-yn-2-yl Toluene-p-sulphonate. This ester was prepared as above from pent-4-yn-2-ol 
(Kremeier, U.S.P. 2,106,182) (42 g.), toluene-p-sulphony! chloride (103-5 ¢.), and pyridine (70 ¢.c.) at 
2).25°, the mixture being set aside for 20 hours after the end of the exothermic reaction. Isolation 
with ether gave the crude ester (100 g.. 92%). After distillation at 70° (bath-temp.)/10* mm. it had 
«ff 15142, on cooling to —30° a portion crystallised. Kecrystallisation from et light petroleum 
at 40° gave the pure ester as prisms, m. p. 31° (Found: C, 604, H, 5-05. C,,H,O,5 requires C, 
45, H, 5%) 


Pent-4-yn-\-yl Toluene-p-sulphonate.--Prepared by the method described above, from pent-4-yn-1-ol 
(Eglinton, Jones, and Whiting, forthcoming publication) (42 g.), toluene-p-sulphony! chloride (110 g.) 
and eo (60 g.), the crude ester (98 g., 83%) had w}f 1-5215. A smal! portion, distilled for analysis, 
had b. p. 70-—80° (bath-temp.) 10° mm., «jf 15229, m. p. 15° (Found: C, 60-25; H, 56-65%). During 


the removal of more volatile material a smal! a try (ca. 2 g.) of liquid collected in a liquid-air ‘2 
t 


On redistillation it had b. p. 86°/280 mm., «|? 14460, and contained chlorine but not sulphur 
yielded an insoluble silver derivative with ammoniacal silver nitrate and presumably consisted 
essentially of 5-chioropent-l-yne (see below) (Found C, 503, H, @8 Cale. for CJH,C): C, 586 
H, 69%) 


Hex-\-yn-3-yl Toluene-p-sulphonate.Hex-l-yn-3-0l (Bowden, Heilbron, Jones, and Weedon {. 
1946, 39) (20 g.), toluene-p-sulphony! chloride (40 g.), and pyridine (22 ¢.c.) were allowed to react for 
3) minutes at 10 20° with cooling, then for 40 minutes at 20 Isclation of the neutral fraction gave 
the crude ester (34-6 g.. 70%), wf 15075. After distillation at 90° (bath-temp.) 10 mm. it had af 
16113 (Pound: C, 62-1, H, 655. C,,H,,O,S requires C, 61-9, H, 64%) 


But-2-yne-1 : 4-diol Ditoluene-p-sulphonate. —Wut-2-yne-1 4-dio!l (21-6 ¢) and toluene-p-sulphony! 
chioride (111 g.) were dissolved in acetonitrile (199 ¢.c.), and the resultant solution was stirred and 
cooled while a solution of Dae hydroxide (28 g.) in water (3) ¢.c.) was added slowly, the 

ry by ~ at 10.20". The m cture was then stirred without cooling for 18 hours, water 
200 ¢.c.) were added, and the phases were separated. The aqueous layer was 
extracted with ether, and the combined extracts were washed with water, dried, and evaporated. The 
residue readily solidified and was crystallised from methanol to give a sold (56 g , H%), m. p. 92-03 
fter recrystallisation from methanol or benzene-light petroleum (b p. 60— 80°) the ester formed long. 
. p. 04—95°, which after several days in contact with a saturated solution were converted 
with the same melting . undepressed on admixture with the previously 
C, 66-7; H, 476. CyH,OS, requires ©, 54-8; H, 46%). Similar (54, 58%) 
when tetrahydrofuran and acetone, respectively, were used as solvents 
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| -Dthynylcyclohesene.—A maature of l-ethynyleyclohexano! (25 g.), toluene-p-sulphonyl chloride 
(68 g.), and pyridine (80 cc.) was heated to 58 m a thermostatic coptrolied water-bath for 24 hous» 
After cooling, and decomposing the excess of .llorue with water, son of the neutral fraction followed 
caretul fractional distillation gave (i) L-ethynyleyelohexene (9-45 g.. 40%), b. p. 34—37°/14 mm., 
, i 2, and (1) recovered lL-ethynyleyedohexanol (7-75 g, 25%,) (Milas, MacDonald. and Black 
J. Amer, Chom. Soc, 1948, 70, 1820, give b. p. 52-53", 30 mm., «Ff 1-4934 for a imen of the bydre- 
carbon regenerated from the silver derivative). Unlike the crude hydrocarbon obt i by al 
phosphate pyrolysis (Milas ef a/., loc. ct.; Heilbron, Jones, and Kichardson, /., 1949, 257), material 
made by thie route ee to be tree from cyclohexanone, it did, however, contain a trace of a 
chiorine-contaimng substance responsible for a faint positive Beilsteim test and probably also for a 
tendem y to darken considerably on storage. 





4-( Alovobut- 1 yne A solution of lithium chloride (25-6 ¢ somewhat most) in 2-ethoxyethano!l 
(170 ¢.c.) was distilled slowly through an 8 Dufton column until the boiling poimt of the distillate 
reached 127° (80 ¢.c.. comtainiog much water, had then distilied). But-3-yn-1-yl toluene-p-sulphonate 
(88-9 ¢.) was added to the resxiual solution after the latter had cooled to about 50” and the mixture was 
a by shaking. An exothermic reaction took place on warming, and careful distillation was 

and contineed until a boiling point of 124° was reached; most « the product distilled at 85 
wo The distillate was dried (CaCl,) and fractionated tically all boiled at 8688-5", giving the 
chioride (31-6 @.. 9%), b. p. 86°/762 mm., wf 14383 (Pound C, 544; H, 5-96. C,H Cl requires 
C, 64-25; H, & 7%) 


4 Bromobut.|-yne —(a) Essentially the above method was employed using the toluene-p-sulphonate 
(56-65 ¢), anhydrous caikiam bromide (30 g.), and 2-(2-ethoxyethoxy)ethanol (200 c.c.). It ‘was 
necessary to moderate the reaction temperature by effecting the distillation at about 170 mm. presstre 
much trouble was caused by bumping and frothing which made it impossible to volatilise the last traces 
af the bromide by distilling over a little of the solvent. Kedistillation of the crude product, after drying 
= alic,). gave the bromude (25-4 g.. 82%), b. p. 107° 740 mm., aff 14817 (Found: C, 36-35; H, 39 

lor C,H Br. C. 361; H, 38%). Schlutech and Wolf, loc. cit., give b. p 100—110°/760 mai. It 
” wet that a better yield would be obtained by using as solvent an alcohol, b. p. ca. 160-170", and 
distilling at atmospheric pressure, however, an attempt to employ cyclohexanol failed, dehydration to 
cvelohe xene taking place 





(6) A solution of phosphorus tribromide (44 ¢) in ether (20 ¢.c.) was added to a stirred mixture of 
bat-3-ya-l-ol (35 ¢.) and pyridine (4 ¢.c.), the temperature being kept at between —20° and —10 
After the addition was complete the mixture was stirred at —20° for 30 minutes. Little heat was 
evolved until the mixture was allowed to warm to room temperature, whereupon an exothermic reaction 
set in, the temperature was then kept beiow 35° by gentle cooling. After it had subsided, water was 
added and the neutral fraction was isolated with ether. The almost colourless product was distilled at 
atmospheric pressure, fractions, b. p. 120° (15-2 g.), bemg collected. These on redistillation gave 
crude 4-bromobut-l-yne (# g.), b. p. 106-5— 100° 772 mm., wf? 1-4682—1-4721. The residue from the 
first distillation gave two further fractions one (16-8 4.), b. p. 53-56" /12 mm., aj} ca. 1-52, appeared to 
consist largely of dibromobutenes, while the other (7-6g.), b. p. 130-—142° 0-1 mm., #f ca. 1-49, contained 
beth phosphorus and bromine. Both proved heterogeneous on redistillation 


4-lodebut-l-yne.—A solution of butyny! toluene-p-sulphonate (15 g.) and sodium iodide (10 g.) in 
acetone (0) ¢.¢.) was kept for 24 hours at 20°. then cooled to @ The separated sodium toluene-p 
sulphonate was removed by filtration. and evaporation of the solvent through-an 8” Dufton column 
followed by fractionation gave the todede (7-6 g.. 64%), b. p. 61°/80 mm, aff 15504 (Found. C, 26-05 
HM, 2-7. C,M,I requires C, 26-7, H, 2-8%) 

5-C hlovopent-1 ve A solution of pent-4-yn-l-ol (Eglinton, Jones, and Whiting, forthcoming 
publication) (8-5 g.) in dry pyridine (8-0 g) was cooled strongly (solid carbon dioxide-alcohol) while 
thionyl chiorule (14-6 ¢ c.) was added slowly, with stirring, the temperature being kept below 20°. After 
2 hours at 20° the mixture was warmed slowly to 80° and kept at that temperature for 15 minutes, then 
cooled. Addition of water, followed by isolation of the neutral fraction with ether, evaporation through 
a 10-cm, Fenske column and fractionation gave crude chloride (3-0 g.. 20%). b. p. 110-118", and higher 
bouling material which dud not give a precipitate with ammontacal silver nitrate solution. Redistillation 
of the first fraction gave the chloride, b. p. 88°/350 mm., nF 1.4422 (Pound: C, 58-85; H,69. Cak 
for C,H,Cl: C, 6846; H, 69%). (Henne and Greenlee, /. Amer, Chem. Soc., 1945, 67, 484, give b. p 


67..69°/145 mm., wf 1-445.) This substance could probably be more conveniently prepared from the 
toluene-p sulphonate and lithium or calcium chlonde 


5- Bromopent-\-yne.-—(a) To a solution of pent-4-yn-l-ol (84 g.) and pyridine (2 g.) in dry ether 
(Wee) ae mage gary ag Sg.) inether (10 cc.) was added slowly with stirring, the temperature 
being kept below — 10 After | hour at 20° the neutral fraction was isolated with ether. Distillation 
gave the crude bromide (42 ¢, 28%). b. p. below 85° 100 mm... which after redistillation had b. p 
s2°/100 mm. »ff 16803 (Found C423. H. 525. Br, 48-65. C,H,Br requires C, 40-8; H, 4-8; Br, 
Mw 35%) It probably contained about 10% of pent-4-yn-l-ol A considerable amount of higher-boiling 
material, probably dibromopentenes, was formed in this reaction 

ta 


Pent-4-yn-1-y! toluene-?-sulphonate (24 g.) was added to a solution of calcwm bromide (15 g.) in 
(2-ethoxyethoxyjethanol (150 ¢ ¢_) (previously dred by distillation of low-botling material at 100 mm.). 
The mixture was homogenised and dist ‘‘ed till the boiling point reached 130° 100 mm.; the distillate 
was washed with water, dried, and red . ed to give the bromide (11 g., 75%), b. p. 134°/763 mm., a7 
14772 (Pound: C, 410, H, 45. C,H,Br requires C, 40-5, H, 48%) 


5-lodopent-\-yne.—A mixture of pent-4-yn-l-yl toluene-p-suiphonate (46 ¢.), sodium iodide (31 g 
and acetone (230 c.c.) was heated under reflux for 34 hours, cooled to room temperature, and itered. 
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the residue being washed with ether The filtrate was evaporated through a lecm Fenske column. 
whereupon an additiona! small quantity of sodiem tole Ya aud was removed by 
filtration ; the total yield was 37-5 g. (theoretical). Distillation of the resadue¢ ve, after a smal! fore-run. 
S-todopent-l-yne (26-2 ¢.. 70%), b. p. 84-—89"/43 mm., aff 1.6351 (Found: C, 31-25; H, 365. C,H,! 
requires C, 30-05, H, 365%). The fore-run to consist largely of 
of which could probably have been prevea weing dried acetone. 
3 hours at 20°, the yield was 57%. about 15%, of the toh 
caperument in which 2- (2-ethoxyethoayjethanol was used as solvent, Nee technique being 
that employed for 4-bromobut-l-yne (4), gave a yield of only 40%, apparently because of thermal 
decomposition and the dithculty of separating the product from the solvent 

1 4-Dibromobul-2-yne — A solution of but-2-yne-1 : é-diol ditoh Iph ) im dry 
chloroform (50 c.c.) was added to a ‘sie of anhydrous calcrum coma (fi ge) § (M ce 

h 














dred over magnesium ethoxide) 20 hours at 20° — was added, the phases were separated. 
the aqueous layer was extracted wit ht petroleum (b. i -00"). and the combined chloroform and 
petroleum layers were washed with water and dried (Ca Evaporation of the solvent followed by 
distillation of the residue gave the strong! Gobeymatery Geeomabeatren (t 75g.. 76%), b p. 42° 0-1 mm 

a 1-G877 (Valette, dun Chim, 1968, 9. 646, gives b 92°15 mm., aff 1-588). Light absorption 

rising absorption, ¢ = 4600, 3900, and 2700 at 2170, seb, on and 2350 a. respectively 

Vimylacetylene.—-But-3-yn-l-y! toluene-p-sulphonate (85 §) in ethanol (50 «.c.) was added drop 
wise to a solution of um hydroxide (25 g.) in water (30 c.c.) and ethanol (25 ¢.c.) containing a 
trace of ‘' Teepol " and maintained at 60°. A steady evolution of gas was observed , the vapours evolved 
were passed up a reflux condenser, through a tube containing anhydrous calcium chionde, and into two 
traps cooled to about —25"° in a solid carbon dioxide-carbon tetrachloride mixture, After the 
completion of the reaction (ae vinylacetylene was redistilled by allowing the traps to warm to 15° and 
collecting 1 distillate at —25° after pasage through a calcium chloride drying-tube. the yield was 
18-2 g. (92% 

Pent. atoll -(a) Pent-4-yn-2-yl tot Ip te (100 g.) was added slowly to a solution of 
potassium hydroxide (30 g.) in water (100 ¢.c ) yo: a few drops of “ Teepol,” at 110° with 
mechanical stirring. A vigorous reaction took place, and the vapours evolved were passed into two 
traps cooled in sold carbon dioxide-carbon tetrachloride to —25°. When the reaction was complete 
the contents of the trap were warmed to melt the ice, and the layers were separated; the upper layer 
was dried (CaCl,) and distilled to give pent-2-en-4-yne (29-9 g., 91% from pent-4-yn-2-ol), b. p. 46-—48 

’ 14356. Analytical results on this hydrocarbon were erratic, presumably because of its volatility 
if ound: C, 85-345; H, 90. C,H, requires C, 90-85; H, 915%) 

The presence of “ Teepol "' was essential for a high yield; in its absence the reaction was difficult to 
control 

(+) Pent-4-yn-2-yl toluene-p-sulphonate (33 g.) was added to a solution of sodium #-butoxide, 
prepared from sodium (3-5 g) and »#-butanol (1%) cc) at @ A precipitate of sodium toluene-? 
sulphonate formed immediately. Water (50 c.c.) was then added, and the mixture was heated to 160 
in a distilling-flask. the side-arm being inserted into a test-tube cooled in carbon dioxide-alcohol. Slow 
evaporation of a very volatile substance took place. water distilling ssmultancously, When the latter 
alone was collecting in the receiver the distillation was stopped, the layers were separated, and the upper 
was distilled, fractions boiling below 47° (3-0 g.) and at about 116° (butanol) being obtained 4. 
former was redistilled, giving the hydrocarbon, b. p. 45—48", wf 1.4312. Light absorption | maximum. 
2195 4.; inflexion, 2270 4.; ¢ « 9000 and 7000 respectively. No higher-botling material was obtained 
from the residue in the flask 

After experiments method (¢) in which the pent-4-yn-2-yl toluene-p-sulphonate used had been 
isolated with chloroform, dilution of the aqueous solution obtained after distillation of the pent 
2-en-4-yne gave a turbidity and, on ether-extraction and distillation of the residue, a by product was 
isolated (yield about 5% of the crude ester used). This appeared to be homogeneous, it had b. p 
124°,0-01 mm., wif 15222, constants indistinguishable from those of the toluene-p-sul te 
Analytical data (Found: C, 48-8, 40-25, 40-4, H, 52, 535,53, S, 11-26, 12-44, 11-4; Cl, 13-75, 13-4 
C,,H,,0,SC) requires C, 497; H, 5-2; S, 1105; Cl, 12-25. C,,H,,O,SCI requires C, 46-2; H, 50 
S, 10-95, Cl, 12-059.) were indecisive, and further investigations were frustrated by the extreme inertness 
of the compound 

Pent-4-en-2-yn-1-ol. But-3-yn-1-y! toluene-p-sulphonate (22-4 g.) in ether (20 cc.) was added to a 
suspension of sodamide, prepared from sodium (4-6 g ) and liquid ammonia (150 c.c ) in a Dewar vesse! 
The resulting solution was treated with aformaldehyde (3 g . dried for three days over oy ae 
oxide). Evaporation of the ammonia cher 40 hours and isolation in the usual way gave the alcohol 
(0-9 g., 11%), b 64°23 mm., nf 1.4061 es, a Ahad. Nawkh SS.S.R., 1948, @, 57 
gives b. p. 556-—68°/10 mm., #7 14988). Light aba maximum, 2320 4., ¢ «~ 9500, and rising 

ine below 2900 The product gave a phew , which formed long needles, m a2 
(corr.), from light petroleum (Found: C, 71-465; H, 56. C,,H,,O.N requires C, 71-65; H, 56% 


BE ~l-yne.— To a solution of sodium ethoxide, obtained from sodium (2:1 g.) and dried 
ethanol c.c.), hex-l-yn-3-y! tole te (195 ¢.) was added with ice-cooling. The 
oapeiieey reached 45°, a of ao toluene p-sulphonate appearing. After 14 hours at 
See ae wit bE Female Bye wearny Rong Epp -m Evaporation of the 

ee eee ee ee oe Oe %) (Found : C, 743; H, 11-5 


c C, 76-15; H. 11-2%). ical results with this nd varied widely, alt h 
p35) Lape apparetestemleetan or 








5-Ethoxypent-\-yne.—To a solution of sodium ethoxide, obtained from sodium (0-6 g) and dried 
ethanol (15 c.c ), pout-4-ym-I-yi toluene p-ealphonate (46 g:) te ethaael (Bcc) wae abides. A copious 
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precipitate of wxhum toluene-p-sulphonate separated immediately. After the imitial reaction had 
cabaided, the mixtare was refluxed for 30 minates. On cooling, the paste was treated with water and 
extracted with light petroleum (b. p. 40-60%. The solvent was removed through a 10-cm. Fenske 
olamn and distillation of the residue gave the ether (0-75 @., 34%), b. p. 38°/25 mm.. wf 11-4189 (Found 
©. 7625, HM. 18. CHO requires C, 74-9, H, 10-8%,) 

Mr J.C. Hamlet was maible for considerable improvements in the techmque of both stages in 
the preparation of pent-3-en-l-yne 

The authors express their gratitude to Professer | ‘x H. jones, F.K.S., for his valuable advice 
they also thank Mr ES. Morton for microanalyses. (me of them (G. E_) is indebted to the Department 
of Setentific and Iadustrial Research for a Maintenance Grant 


Tus University, Mancuestes Received, August Mh, 195.) 


722. The Polymerization of Olefins with Friedel-Crafts Catalysts. 
By R. L. Meee 


Polymerization of 3) 3-dimethy!but l-ene by boron trifworde causes rearrangement of at 
least halt of the neopenty!l groups. <15-trans-lsomerization of but-2-ene does not occur at 20 
Thus the mechanisms involving catalyst and co-catalyst proposed for the polymerization of 
seobutene cannot apply to all olefins 

All the polymers obtained from gaseous propylene, but-l-ene, cis- and trans-but-2-ene, and 
ssobatene with gaseous boron trifluoride at 0-— 60° show evidence for rearrangement. and for 
extensive disproportionation except in the case of ssebutene. Detasled analysis of the liquid 
phase polymerization of but-2-ene with aluminium chioride and bromide showed that (1) al! 
protects had at least eight carbon atoms, (2) (, and C,, hydrocarbons were as common as the C, 
structures, (3) most C, hydrocarbons were saturated while many diolefins occurred in the C,, 
group, and (4) most of the spent catalyst is found im a tarry residue combined with a conjugated 
polyolefinic hydrocarbon. The copolymerization constants between but-l- and -2-ene were 
determined 

This information suggests that KRCHOCH, and KCHOCHR at 0-20 start polymerizing by 
4 process Involving two catalyst molecules, two monomers, and possibly a co-catalyst. Chain 
growth occurs by means of a carbonium-son intermediate Chain transfer is the most common 
form of termination Chain cessation can be brought about by hydrogen or alky! transfer 


Most studies of the mechanism of olefin polymenzation by Friedel-Crafts catalysts have used 
monomers which polymerize rapidly at very low temperatures to vield high polymers. These 
include isobutene, styrene, a-methvistyrene, the viny! ethers, and some analogues. Most 
olefins polymerize more castly around 0° and yield low polymers. Industrial investigations 
have indicated that the latter process is more complex. Olefins behaving in the more usual 
way and yielding products amenable to analysis were selected for this study 

1 neoPentyl System. Whitmore (Jad Eng. Chem , 1934, 26, 94) proposed that acid-catalyzed 

polymerization involved the formation of an imtermediate containing an electron-deficient 
carbon atom, osualiy referred to as a “ carbomum ion Mechanisms proposed since then 
see reviews by Heiligmann (/ Polymer Scr, 1949, 4 183), Plesch (Research, 1949, 2, 267), and 
Thomas (/nd. Eng. Chem, 149, 41, 2564) have centered around the special reactivity of the 
carbonium yon 

Independently, and based upon altogether different evidence, a large body of expernence has 

accumulated concerning Wagner-type rearrangements of the neopenty! group which also involve 
a short-lived carbonium ion. From a detailed kinetic study of neopenty! and related systems 
Dostrovsky, Hughes, and Ingold (/ . 1946, 157, 173) concluded that rearrangement to tert.-amy! 
always takes place when the neopentyl group is converted into a short-lived cation, but never 
when this group ts converted into a short-lived anion. The compound chosen for this study was 
% 3-demethylbut-l-ene, since it should distinguish simply between carbonium ion and carbanion 
ntermediates : 

Keke, Cook, and Whitmore (/. 4mer. Chem. Soc, 1950, 72, 1511) proved that free radicals 
iwolving the seopenty! svstem do not rearrange and also that reactions hitherto believed to 
volve a carbonium ion, ¢g , addition of hydrogen chionde to an olefinic bond, may lead under 
ertain conditions to partial retention of the meopenty! structure, and they offered a tentative 

explanation for this behaviour 

If these concepts of chemical behaviour are applicable to 3. 3-dimethylbut-l-ene the 
diowing reactions will be expected (where A represents a catalyst-—co-catalyst complex) 


Me,CCHOCH, + A > MeyCH-CHyA > MeC-CHMe-CH,A 
ih (iy) IIl.) 
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Ordinarily (111) would be expected to attack another olefin molecule, yielding eventualiy a 
polymer stemming from this structure. On the other hand, anionic or free-radical type 
polymenzation would be expected to lead to polymer derived from intermediates which had not 
reerranged. The rearrangements in the seopentyl structure are very easily detected by the 
changes in infra-red absorption. A very intense absorption caused by the O-C vibrations in 
the Me,C-CH, group at 8-03 u. should disappear if rearrangement occurred 

Polymerization in the gaseous phase was selected for this test, both because of the simplicity 
of the technique and because of the limited quantity of monomer available. The process 
employed was very similar to that used by Evans and Weinberger (Nature, 1947, 158, 437) for 
gaseous polymerization of disobutene except that scrupulous precautions to maintain absolutely 
anhydrous conditions were not taken because the objective of this step was to assure a high 
yield of polymer 

If present theories of polymerization apply to this monomer (Norrish and Russell, Nature, 
1947, 160, 543; Plesch, Research, 1949, 2, 267), two forms of trimer are to be expected 


Without rearrangement © MejsCCHMe-CH,CH(CMe,)-CHOCH<(Me, § [IV.) 
W ith complete rearrangement. MesCH-CMeyCH,CHMeCMe,CH,CMe:CMe, (V) 


A few isomers with the olefinic bond moved to some neaghbouring location are to be expected 
but the skeletal structures should remain the same 

The most striking feature of the infra-red spectrum (Pig. 1) is the peak at 803 uw. which 
suggested, on the basis of comparison wich such analogues as 2: 2: 4-trimethy!lpentane, that a 
large proportion of the seopentyl groups has 
entered the polymer without rearrangement. This Fic. | 
may be as much as 50%, possibly even more. /#/ra-red spectrum of product of boron-trifluoride 
hiy itself this information would be an excellent “#!#/ysed Polymerization of 3: 3-dimethylbut-\-ene. 
confirmation of Norrish and Kussell’s theory, { 
which holds that simultaneous cationic and 
aniome polymerization may occur, but other 
features of the spectrum make such an inter- 
pretation doubtful. The absorption bands associ 
ated with the olefinic bond do not show a 
straightforward relationship with the expected 
structures. The presence of the band at 6°05 u 
indicates that double bonds are present. The 
R,CICR, type of olefinic bond, expected in (V) — 
has no other abdorption band, but RCHICHR, +s A 4 
expected from (IV), should yield a peak at 10°40 4 Wave-/ength p. 
which definitely does not exist 

Simple intramolecular proton transfer in (1V) and (V) is to be expected; it would yield 
either K,CICH, or RJCCCHK olefins. The former should show up at 11°25 u., where there is a 
smal! indication, and the latter at 12°24 u., where no important absorption exists. Indeed the 
most probable olefinic group present, on the basis of the spectrum, is the mono-substituted 
ethylene R-CHICH,. It has twin absorption peaks at 101 and 11@y. Its existence would 
suggest that rather remarkable rearrangements had taken place 

There are other significant bands which cannot be identified. The absorptions at 114 and 
13°1 uw are also found in tsobutene polymers. They may indicate either special vibrations set up 
in the neighbourhood of tert -butv! groups of traces or catalyst and co-catalyst fragments (Flett 
and Plesch, Proc. Roy. Dublin Soc., in the press) 

It can be concluded from this experiment that only some of the seopenty!l groups have 
rearranged. There is some evidence that rearrangements are not only of the simple Wagner 
type found previously with neopentyl systems. If the carbonium intermediate is assumed, 
intermolecular reaction must proceed about as rapidly as intramolecular rearrangement in 
order to account for the retention of about half of the Me,C-CH, structure Thus polymerizations 
and co-polymerizations with 3: 3-dimethylbut-l-ene pr. we no clear-cut evidence on the 
mechanism of Friedel-Crafts polymerizations 

A cis-trans-Isomerization System.—An alternative approach for studying the mitiation 
uf acid-catalyzed polymerization is to follow the isomerization of cts- or frans-forms of an olefin 
to an equilibrium mixture 

Boron trifluoride is an active catalyst for polymerization in the gaseous phase It had been 
ascertained previously that boron trifluonde, when passed through liquid but-2-ene, did not ceuse 
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polymerization. It was expected, therefore, that in the gaseous phase one would obtain a 
measurable rate of acid-catalyzed isomerization of the pure cis- or frans-form, much as was 
observed by Price and Meister (/. Amer Chem. Soc, 1939, 61, 1595) for stilbene, but no further 
reaction. However, a very rapid polymerization occurred immediately on mixing of boron 
trifluoride with slightly moist but-2-ene. A dense fog formed im the veasel which condensed 
inte droplets of liquid polymer on the lower walls. After a partial polymerization conducted 
with only a smallamount of trifluormde admixed with pure frans-but-2-ene, infra-red analysis of 
the remaining gaseous olefin showed that no isomerization had occurred. Thus, at 20-—é0", 
boron trifluunde either initiates polymerization or leaves the olefins unchanged _—iI{ a carbonium- 
ion intermediate is formed it cannot dissociate to yield but-2-ene, because in such a process the 
equilibrium mixture of isomers would be produced, but it must proceed directly to polymer 
There was no significant difference between the cos- and the frans-form, either im the rate of 
polymerization or in the infra-red spectra obtained from the polymers. The spectra (Figs. 2 
and 3) indicated that some remarkable rearrangements must have occurred. The absence of 
womerization suggests that the simple interaction of boron tnfluonde with olefins may resemble 
that of the Ag’ and Cu’ ions in solution or the donor-acceptor arrangement described by 
Lau bengayer and Bauer (/. Amer. Chem. Soc, 1943, 66, 889). The amount of bimolecular 
association however must be very «mall because no shrinkage in volume could be detected on 
mixing of boron trifluonde and ethylene (observed also by A G Evans and Meadows, ]. Polymer 
Set, 1049, 4, 359) 

Large-scale Polymerization of But-2-ene with Horon Trifluoride —The foregoing expermments 
were confined to smal! quantities of very pure materials. The results suggested that study of 
the composition of the polymer would yield many clues to the unexpected rearrangements 
A larger quantity of mixed but.2-ene isomers was polymerized with the concentration of water 
vapour present (01-02 mole %) which appears to yield maximum rates of polymerization. 
Om the average, one boron tritluonde molecule was responsible for the polymerization of 40-—60 
monomer molecules. There was no product which distilled below 110°, and, with the exception 
of a small plateau around 115", there was no evidence of any significant amount of any pure 
component, The C, fraction (b. p. 110-—-117°), amounting to 1% of the whole polymer, was 
isolated and analyzed by infra-red methods. It contained at least 70°, of 2: 3: 4-trimethy!- 
pentane, and about 20% of olefin R,CCCH, and RCH°(CHK. These components accounted for 
all the major peaks in the infra-red spectrum 

The most remarkable findings here were (1) that C, and C,, hydrocarbons were more 
abundant than C, compounds, and (2) that a large proportion of the components of lower 
molecular weight were saturated, rather than mono-olefins. Similar polymerization of rsobutene 
yielded a polymer with sharply defined fractions, all of them olefins. The yields, as determined 
by precision distillation, were dimer 2°, trimer (low-boiling) 32%, trimer (high-boiling) 15°,, 
tetramer 20°, pentamer—heptamer 21°, and residue 1%. Thus the polymerization process 
for but-2-ene involves alkyl! transfer and hydrogenation-dehvdrogenation reactions not found 
with isobutene, styrene, or similar molecules. Also supporting this conclusion is the infra-red 
spectrum of the but-2-ene polymer where there is found a spectacular absorption at 8°02 u., 
which is specific for the neopenty! grouping. There is no simple rearrangement by which the 
neopentyl grouping can be formed from but-2-ene 

Polymerization of Other Gaseous Hydrocarbons with Boron Trifluoride .—— Propylene polymerized 
quite slowly in the 10-60° range. The rate was not sensitive to changes in temperature, the 
presence of water vapour, increased concentrations of catalyst, or pressure up to two atmospheres 
The rates of polymer formation were highly variable and even the shape of the rate curves was 
not reproducible at will Such behaviour indicates either that trace constituents are important 
to the polymerization process and that the traces vary in effectiveness in a random and 
uncontrolled manner, or that catalysis wm heterogeneous, or both 

The infra-red spectrum of the propylene polymer is more complex and indeterminate than 
most (Pig. 4). Four of the major absorption bands have not been identified. The maximum 
at 13°54 os ascribed to the presence of trimethylene groups, in at least a fair proportion of the 
molecules. The double-bond structures R,CICH, and RCHICHK seem to predominate; 

ther olefinic structures do not appear 

But-l-ene polymerizes even more slowly than propylene and resembles it very closely in 
most aspects. The spectrum is, in general, less varied (Fig. 5). Again both R,CICH, and 
RCHOCHR are present, with no other olefins in evidence. The maxima at 13°56 and 13°76 yu. 
are attributed to trimethylene and tetramethylene groups respectively; their intensities 
suggest that these groupings account for 102°, of the polymer 
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The polymerization of isobutene was investigated in greater detail by other workers 
(Daiton and Sutherland, /. Polym. Sei., 1949, 4, 37; Thompson and Torkington, Trans Faraday 
Sec, 1945, 41, 246), but the infra-red spectrum of the polymer:was determined (Fig. 5), and the 
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product fractionated, in order to gain a direct comparison with the other olefins. Its 
polymerization is many times more rapid than that of any other simple olefin 

Polymerization of But-2-ene om the Liquid Phase —At low pressure, boron trifluonde does nut 
catalyse the polymerization of liquid but-2-ene. However, aluminium chloride and bromide do 
catalyze this reaction, and a great many similarities could be demonstrated between their action 
in the liquid phase with an inert hydrocarbon solvent and the action of boron trifluoride in the 
gaseous phase (where the actual polymerization must occur either wn the surface or in the 
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interior of tiny droplets of liquid polymer), The significant features of the liquid-phase 
polymerization may be summarized briefly in the following statements 

{1} Polymerization does not begin unmediately after the addition of a small amount of 
catalyst solution. Indeed there seems to be a fairly constant quantity of catalyst which is 
required in order to initiate noticeable polymerization. At 0°, with 50-70% of »-butane as a 
refrigerant-solvent, the presence of at least 01-02 mole *%, of aluminium halide is needed 
The corresponding threshold for but-l-ene is much less, while for ssobutene it is infinitesimal or 
non-existent 

(2) The medium in which the catalyst is dissolved appears to play an important part in 
catalyst activity Ethyl! chloride, methy! chloride, 1: 2-dichloroethane, and lower aliphatic 
hydrocarbons were satisfactory in most respects, whereas carbon disulphide, sulphur dioxide, 
higher alky! chlorides, ethers, and other oxygenated compounds are unsatisfactory owing either 
to an inhibiting action or to soivent decomposition 

(3) Once polymerization has been initiated the catalyst appears to be lost within a few 
minutes owing to side reactions. Thus the addition of a little catalyst solution causes an 
immediate burst of polymerization which after 1-10 minutes can no longer be detected. For 
other batenes the burst of polymerization reaches greater intensity but subsides more 
rapuedly ‘ 
(4) Towards the beginning of polymerization each molecule of alumigium halide causes the 
polymenzation of 300 monomer molecules, but this ratio declines rapidly as the but-2-ene is 
exhausted 

5) The major product is a butane-soluble oil, while 210%, of the monomer is converted 
into a heavy red tar which also contains most of the aluminium halide added 

(6) The tar contains one AICI,” for every olefinic bond and about three double bonds per 
hydrocarbon molecule, irrespective of chain length. Most of the unsaturation exists in the 
form of conjugated trienes 

(7) The butane-soluble product contains no products with less than eight carbon atoms, 
but contains more C, and C,, than ©, hydrocarbons. About 70--00°, of the polymer 
falls within the C,—C,, hydrocarbon range and no plateaux are observed in its distillation 
curves 

§) The C, fraction contains approximately 2.3. 4-trimethylpentane 50°%,, 2: 3: 3-tri 
methylpentane 40%, and about 10°, of an olefin of b. p. ca. 115° (CHSCPr°< HMe, or 
CHECEvCHMeEt). The infra-red spectrum of the C, fraction is very similar to that of the C, 
fraction, so the skeletal structures of the C, hydrocarbons should resemble those of the C, 
compounds 

(9) In the C,—C,, fraction of but-2-ene polymer a large proportion of saturated hydro 
carbons is found. In fractions above C,, a mixture of mono- and di-olefins is obtained. : 

(10) No evidence could be obtained for the occurrence of alkylation under the conditions 
used for polymerization, even when isobutane was used as a solvent 

(11) No isomerization to but-l-ene occurs as a side reaction. Since polymeric products 
obtained from but-l-ene are quite different, one can conclude that there is no isomerization 
during the polymerization process between 40° and +10 Polymer from but-l-ene yields 
no appreciable volatile fraction and has a4 viscosity-average molecular weight of 1000—1500 

(12) The heat of reaction, as measpred by the volume of solvent evaporated, is about 
16 keals. ‘¢.-mole 

(13) Copolymerization occurs very readily with but-l-ene, but the copolymerization 
constants obtained (¢ « 0°15, u = 3) indicated that but-1-ene is incorporated more readily into 
the polymer than is but-2-ene under such conditions of competition 

14) Copolymerization with tsobutene was not observed at — 10 

Other minor points, useful in completing an argument concerning mechanisms, will be 
dealt with in the general discussion 


Discussion 


It is simpler to discuss the reactions associated with polymerization in terms of a list of all 
known and carefully defined general transformations of hydrocarbons which are catalysed by 
acid-acting salts. It is possible then to establish which occur and which do not occur under 
the conditions used in this survey 

The following compilation summarizes the transformations of aliphatic systems in contact 
with aluminiam halide : , 
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»M, + =,M, > = M, «M, 


(where M, represents a polymer of | monomer units, and # the total number of the 
species formed) 

Temperature range of reaction IM to + 150" 

Rate of reaction : usually very fast 

Catalyst required . very little 


{ikylation 


. AIX, 

Olefin ~ :soparafin -———> branched parafhn 
Temperature range | 0° and above 

Rate of reaction ; slow at lower temperatures 
Catalyst required : high catalyst contact 


/ somerization 


AIX, 
Paratha > tsoparafin (C atoms randomized). 
Temperature range 20° and above 
Rate of reaction: in general slow, but a function of acid strength 
Catalyst required : excellent contact 


Hydrogen—dehydrogenation 


AIX 
Two olefins _ tsoparafhn and dholefin 


Temperature range: unknown 
Rate of reaction: very fast 
Catalyst required: not known, but probably large amount. 


Alkyl transfer 
se atetin AIX, , Soparafin (+ 12,3,0r4¢ 
oom » 
and diolefin (— 1. 2, 3, or 4 C) 


Temperature range: unknown 
Rate of reaction : fast 
Catalyst required : not known, but probably large amount 


Sctsston 
ax, (CH, + C,H, + GH, + CH, + +-C,Hy... tar 
Hydrocarbon > or CH, + ts0-C Hy tar 
or depolymerization 


Temperature range | above 100° 
Rate of reaction : slow 
Catalyst required . large amount 


Ring closure 


AIX, 
Olefin ———-> naphthene 
Temperature range | somewhat higher than alkylation 
Rate of reaction : slow 
Catalyst required : not known 


Hydrogen exchange. 


AIX, 
Hydrocarbon “has — hydrocarbon 


(if hydrogen is deuterium or tritium the products are “ labelled "’). 


It is implied, not that there are eight known reactions, since there are likely to be more, but 
that there are now known eight distinct types of changes in molecular size and structure. At 
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higher temperatures and catalyst concentrations all such changes oecur simultaneously. The 
total process has been described by Ipatieff and Pines (/. Org. Chem., 1937, 1, 464) as “ conjurnct 
polymerization.” However, at reduced temperatures and with very small cat:iyst 
concentrations, alkylation, isomerization, and ring closurc can be eliminated. For isobutenc 
at low temperatures all processes other than polymerization (and possibly hydrogen exchange) 
do not oecur to an observable extent, but for n-butenes this simplification apparently cannot be 
achieved Even at —40°, where it is much more difficult to supply the amount of aluminiun: 
chloride necessary for catalysis and where the liquid phase polymerization of but-2-ene is on 
the verge of becoming a slow reaction, several types of structural transformations, including 
alky! exchange, occur as an intrinsic part of the overall reaction 

Chain Initiahon.-The studies of the n-butenes show that the conditions necessary for 
initiating polymer chains are more complex than was previously imagined. Absence of cts- 
trans-isomerization in the presence of Friedel-Crafts catalysts, either in the liquid or the 
gaseous phase, indicates that a proton is not accepted reversibly by a but-2-ene molecule 
This is contrary to what would be expected from the theories presented by Plesch 
(Research, 1949, 2, 272) and by Evans and Meadows (/. Polymer. Sci, 1949, 4, 359) for 
teobutene 

The proton-donor réle of she co-catalyst bas been emphasized by these investigators. Its 
importance in the cases of gaseous but-2-ene and tsobutene 1s easily recognizable, but in those of 
but-l-ene and propylene, if water or alcohol is needed at all, the optimum must be a very small 
amount. The need for ROH as co-catalyst for olefins of the aliphatic monosubstituted ethylene 
type, R*CHICH,, is yet to be proved. It is recognized now that very refined techniques will be 
needed to demonstrate the relationships 

Piesch has shown that, in a closed system, polymerization of tobutene in hexane with 
titanium tetrachloride tends to exhaust the co-catalyst (Nature, 1947, 160, 868, /., 1950, 543) 
The reaction ceases altogether until a small amount of additional co-catalyst is added, where 
upon there is a resurgence of polymerization. Since polymerizations of the n-butenes and 
propylene with aluminium or boron halides tend to cease with both catalyst and monomer 
present, an analogous experiment was undertaken. Plesch’s co-catalyst, trichloroacetic acid, 
was added at various stages of the polymerization of but-2-ene but no variation in behaviour 
resulted. Nor did the addition of moist butane have any effect. If a co-catalyst were operative 
in these polymerizations, it would undoubtedly be traces of water, therefore these observations 
strongly suggest that lack of co-catalysts is not the cause of the subsidence of polymerization 
after the addition of a limited amount of catalyst 

If the initiation were a three-centred process, involving catalyst, co-catalyst, and n-butene, 
as hitherto proposed, then the catalyst added at the beginning of the polymerization should 
yield more polymer than subsequent additions. The catalyst efficiency should be a maximum at 
the beginning and decline as the monomer disappears (always assuming that sufficient co-catalyst 
is supplied). This is what happens in the polymerization of tsobutene in butane or propane by 
alumimum chionde. It does not occur with #-olefins, which show a definite maximum catalyst 
eferency after about 25-30%, polymerization. The first additions cause no measurable 
polymerization. Later, when initiation did occur with added quantities of catalyst, the 
efficiency of initiation was still poor As catalyst concentration built up, owing to continued 
addition of catalyst solution, the efficiency improved for a while, reached the maximum, and then 
declined. The dependence on the accumulation of catalyst was quite consistent—there was no 
evidence that an inhibitor was involved. Thus two molecules of catalyst may be needed, for the 
n-butenes and propylene at least, to imitiate polymerization in the liquid phase 

It may also be argued that two monomers are necessary This depends on the finding that 
no product is obtained from but-2-ene in the region between C, and C, hydrocarbons although a 
fait proportion (ca. 6—8%,) is always obtained between C, and C,, hydrocarbons. Without 
going into the mechanism of this disproportionation we suggest that the carbonium ion is first 
formed with a C, rather than a C, movety The rome C, component can thereupon add methy!, 
ethyl, and isopropyl fragments, whereas the results indicate that these alkyl! groups are not added 
to a butyl carboniam ion. The alky! transfer process will be considered later 

In assessing all these points the simplest posmble mechanism becomes rather cumbersome 
It requires the bringing together of two molecules of catalyst, two of monomer, and probably 
one of co-catalyst. This need not be too diffeult however, because a catalyst molecule, such 
as aluminium hahde, would tend to associate with the olefins rather than with the paraffinic 
solvent owing to their greater polarizability. There may even be a loose, easily dissociated 
molecular compound formed with olefins in the liquid phase. Then the initiation step can be 








(1950) Olefins with Friedel-Crafts Catalysts. 3663 


represented as the reaction of two molecular compounds which results in a rearrangement and 
the formation of a carbonium ion : 


C,H,,*. AIX,OR- + AIX, 


The structures of the carbonium ion would undoubtedly be various; they cannot be deduced 
directly because of the number of rearrangements that are possible. [1 should be emphasized 
that polymerisation of tsobutene or a-methylstyrene does not depend on similar molecular 
compound formation. This proposal applies only to aliphatic olefins of the type R-*CHICH, 
and RCHICHR. 

Chain Growth —I{ one assumes that chain growth occurs whenever a relatively free carbonium 
,0n is available, then the proton affinities of the various olefinic bonds calculated by Evans and 
Polanyi (J., 1947, 252) become highly significant. Their data make it possible to estimate 
the energetics of reactions both in initiation and in chain growth. They show that the difference 
in heat content between unhindered secondary and tertiary carbonium ions is 13°56 kcals./g - 
mol. (column P, in the table, p. 253). Thus an important distinction can be drawn between A'- 
and A*-olefins in the chain-growth process 


k 4 CHSCHEt —>» RCH,CHEt <= R-CHPr or R-CH,CH,CHMe 
AH ~ —20 keals. AH ~0 


ky + CHMeICHMe —» R’-CHMeCHMe —» R'CMcEt 
SH ~ —4 keals SH ~ —13 keals 


The primary reaction product from but-l-ene must be a secondary carbonium ion whose 
simple rearrangements still leave a secondary carbonium ion. However, with but-2-ene a rapid 
rearrangement to a more stable tertiary form appears highly probable (only the migration of a 


proton is involved, as against that of a methyl group for but-l-ene), The KR’ in 
but-2-ene polymerization is therefore taken to be the tertiary form. The small amount of 
energy evolved in the addition step may explain why competing reactions, such as transfer and 
final termination, are more probable for but-2-ene than for similar C, and C, olefins 

The relationships are seen more clearly in experiments on copolymerization. It was shown 
that tsobutene does not copolymerize to any significant extent with but-2-ene, but that either 
of these will copolymerize with but-l-ene, -1{ the growing end of the polymer chain can be 
assumed to contain a carbonium ion formed at a tertiary position the following comparison can 
be made for the addition reaction 


R 4 trans-but-2-ne —» RCHMeCHMe AH —4 keals 
R + but-l-ene —» RCH,CHEt AH —7 keals 


R + isobutene —»> RCH,CMe, SH —11 keals 


(It is assumed in these figures that the heat of a emery yt of but-l-ene is very close to 
2u keals g--mol. The value for trans-bat-2-ene would be almost 3 kcals. less than this, owing to the 
loss of “ hyperconjugation “ energy in the monomer. From both of these is subtracted the 13 keals. 
difference between tertiary and secondary carbonium ions. Evans and Polanyi obtained 12-8 keals. for 
isobutene polymerization, but this was at very low temperatures; at around ©" the value was 
experimentally observed to be close to 11 keals., owing probably to increased steric hindrance ) 


Since activation energies for this sort of reaction are very small and appear to be dominated by 
thermal effects (see Evans and Polanyi, Joc. cit.) these small energy differences can be expected to 
control the course of copolymerization. A growing chain with isobutene as the terminal 
addendum would prefer isobutene, .nd might add but-l-ene, but would reject but-2-ene in 
favour of either. In similar circumstances but-2-ene (when rearranged to a tertiary 

lls 
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carbonium ion) would also prefer isobutene or but-l-ene. However, when copolymerization of 
but-2-ene and tsobutene is attempted the first portion of catalyst added initiates only ssobutene 
polymerisation, and, since this adiiendum adds preferentially to isobutene, practically all the 
tsobutene disappears before the catalyst concentration suffices to initiate polymerization of 
but-2-ene. Thus a mixture of the separate polymers is formed, rather than a true copolymer 

The amount of heat evolved changes greatly when growth occurs from a but-i-ene addendum 
which presumably retains a secondary carbonium ion. Actual values cannot be calculated, 
because unknown amounts of steric hindrance are involved, but experimental! evidence indicates 
that the secondary carbonium ion » comes preferentially attached to isobutene and that no 
preference exists in regard to the »-butenes 

The copolymer of but-2-ene and but-l-ene shows properties intermediate between those of 
the pure but-2-ene and the pure but-l-ene polymer. Increasing the proportion of but-l-ene 
decreases the proportion of low polymers and increases the average molecuiar weight. The 
characteristics of the copolymerization are only slightly affected by changes in temperature or in 
aluminium halide catalyst between - 40° and + 10 

Fic. 8. 
ipparatus fov polymerization of gases 


Fic. 7 
Catalyst efficiency im n-butene polymerization 
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Chain Transfer The most common mode of termination is proton transfer. It is at the 
same time the most common process of chain initiation. In optimum circumstances a 
molecule of cataiyst may be responsible for the formation of hundreds of polymer chains before 
some other mode of termination becomes effective (Fig. 7 rhe efficiency of the co-catalyst, 
however, is many times greater (ik vans and Meadows, Joc. cit 


Chain-transter differences between the various olefins are best illustrated by the rate 
relationship which determines polymer sizes 


Hut t But. l-en« Propylene ioButene 
Pa “ “> 10.000 


a, A, except for butene at low temperatures 


Ay. Ay, and A, are rate constants for growth, transfer, and cessation respectively the values are the 
average degrees of polymerization 


(ne might assume, with Plesch (HesearcéA, 1949, 2. 272), that chain transfer is reduced wit! 
lecrease in temperature. It might be clarmed, mm other words, that the loss of a proton has a 
mall activation energy This would explain very elegantly why polymers of tsobutene, styrene, 
snd a-methvistyrene achieve high molecular weights and greater polymerization. velocities at 
very low temperatures. However, propviene and the »-butenes do not have this property over 
the — 40° to 10° range and yet they exhibit a large amount of chain transfer. Chain transfer for 
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these two classes of olefin differs in some essential characteristic. It is possibly significant 
that the above ratio involving the chain-transfer rate constant decr with 
concentration in the instance of tsobut but does not vary noticeably for »-butenes over the 
same ranges (05—50 g.-mols /1). 

It may be concluded then that chain transfer for those olefins that differ from siobutene is 
relatively independent of temperature, olefin concentration, and catalyst concentration. These 
properties suggest that each time the growing end of a chain comes into contact with a monomer 
molecule there exists a relatively constant probability that transfer will occur rather than 
addition. Activation energies appear to be virtually the same for the alternative processes; 
however, at low temperatures this equivalence is obscured by the effects on the solutulity of the 
catalyst and a consequent change in initiation rate, whereas at higher temperatures (ca. 20°) a 
series of sideGeactions such as chain scission come into play. The work on the polymerization 
of the gaseous olefins did not reveal any useful additional information on chain transfer other 
than that it was very prevalent 

Chain Termination —-The principal mechanism of final chain termination appears to be 
different for various sets of olefins, Plesch (/., 1950, 543) proposed that at termination the ion 
pair at the growing end of the polymer rearranged either by forming an oxygenated compound, 
such as an ester, ether, or alcohol, or by leaving the polymer with a terminal double bond. The 
latter possibility has two alternatives . either the catalyst-co-catalyst complex is re-formed as a 
separate molecular compound, or it may add to the terminal olefin bond of a dead polymer 
molecule (adding to a monomer unit constitutes chain transfer, a process already discussed), 
neither of which appears very probable. Evidence was presented to show that esters were formed 
when a trichloroacetic acid co-catalyst was used in isobutene polymerization with titanium 
tetrachlonde. Once an ester is formed it will remove one or two molecules of Friedel-Crafts 
catalyst from the reaction since tightly-bound molecular compounds will be formed (see Thomas, 
“ Anhydrous Aluminium Chioride,”” Reinhold, 1941). This explanation of chain termina ‘ion 
is satisfactory as long as roughly the same quantities of co-catalyst are consumed as of catalyst 
which is certainly not the case for most olefins 

Other termination processes may involve the formation of a red tarry residue evident in all 
polymenzations in paraffinic solvents. It contained relatively constant proportions of 
aluminium halide and unsaturated hydrocarbon. Little tar was formed from tsobutene or 
a-methylstyrene, but notable amounts were obtained from propylene and but-l-ene. It was 
soluble in chlorinated and aromatic solvents, but insoluble in aliphatic and naphthenic hydro- 
carbons 

The tar resembled that obtained in other acid-catalyzed reactions. Oblad and Gorin 
(ind. Eng. Chem, 1946, 38, 822) noted such a product after isomerization with aluminium 
bromide and a promoter. Burk, Lankelma, ef al. (/. Amer. Chem. Soc, 1945, 67, 910, 914) 
obtained a red tar while cracking hexanes and heptanes at 20--100° with aluminium bromide 
they found that the hydrocarbon portions were highly unsaturated and that there were 35 
halogen atoms for every aluminium jon present 

In the liquid-phase polymerizations of but-2-ene (the only experiments which yielded 
sufhicient tar for analysis), the residue consisted mainly of hydrocarbon molecules to which are 
attached AIX,” fragments. On hydrolysis the metal-halogen-carbon bonds are broken and an 
unsaturated oil, with an average of at least three double bonds per molecule, is released 
Altogether about 60°, of the aluminium and 80%, of the halogen introduced as an ethy! chloride 
solution of AIX, finds its way into the insoluble tar A smal! additional quantity exists in 
suspended form when polymerization is complete 

The tars had approximately twice the molecular weight of the butane-soluble polymer, and 
their unsaturation was largely conjugated, according to the ultra-violet spectrum They have 
undoubtedly lost hydrogen and, almost certainly, alky! groups to the butane-soluble polymer o! 
lower molecular weight. This conclusion is strengthened by the observation that the 
polymerization of but-2-ene at lower temperatures (— 40°) showed no significant change in alky! 
transfer, hydrogenation-dehydrogenation, or the formatior of tar. Careful drying of reagents 
over alumina similarly had no effect 

Some observations suggest that tar formation is oxygen-promoted. Oblad and Gorin 
loc. eit.) found that oxygen is the best promoter for isomerization with aluminium halides 
A. G. Evans and Meadows (private communication) found that on addition of air to an ivo- 
butene-BF,-H,O system which had already polymerized but had remained colourless for 
months, visible quantities of tar formed within a few weeks. Hydroperoxides and free-radical 
reactions therefore may contribute to tar formation, but they appear not to be essential for this 
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and related reactions. Hydroperoxide formation, for instance, has a high energy of activation 
in comparison with any process involved here. The elegant experiments of Beeck and his 
co-workers (]. Chem. Physics, 1949, 17, 418; 1948, 16, 256, 745) with isotopes also do not admit 
the possibility of extensive free-radica! reaction in ackl-catalysed isomerization processes. 

The tacts available fit a mechanism which utilizes the resonance energy of an allylic carboniun 
son as the driving force of the reaction. It employs a three-centred push-pull process acting 
on positions adjacent to an olefinic bond A similar mechanism has been proposed by Caviet, 
van Steenis, and Waterman (Rec. Trav. chim., 1949, 68, 553) for the formation of alkylation 
tar, except that they suggested that a chain scission occurred simultaneously. However, if 
scission was at all prevalent in polymerization, then C,, C,, and C, fractions would be found in 
the product. Therefore we are forced to conclude that a somewhat simpler process operates 


H, 
*CMe 


"CH 
where K’ presumably is H, Me, Et, or Pr 


Hydrolysis of the complex produced yields conjugated diolefins, svch as become common in 
C90 fractions. Molecules containing one, or even two, stabilized R*AIX,~ ion pairs remain 
dispersed in paraffinic solvents. The insoluble tar would have had to undergo several such 
steps before the high degree of unsaturation could be produced. The presence of one such 
ion pair seems to make the attachment of others to the same molecule more probable, so that 
instead of obtaining a normal distribution of spent catalyst throughout the medium a large 
fraction is found condensed in the tar phase Y 

The catalyst efficiency curves for polymerizations of pure but-l-ene and but-2-ene (Figs. 7 
and 11) show that the chain termination reactions are a minimum around 15-25%, of complete 
polymerization when the catalyst added is less than 10%, of the ultimate total. Later, as 
olefin concentration diminishes and both catalyst and polymer concentrations increase, the 
final chain termination is more common. This is in good accord with the proposals. There is 
lacking, however, any good indication of what happens to the AIX,” fragment of the catalyst 
Is an aluminium-carbon bond formed analogous to a Grignard reagent in its activities? In 
these experiments the AICI,” fragment was adsorbed on clay, along with dispersed tar and other 
acid constituents. There was no means of detecting it 


EXPERIMENTAL 


Polymerisation of 3. 3-Dimethylbut-l-ene.—-The 3: 3-dimethylbut-l-ene was a National Bureau of 
Standards Standard Sample, No. 287.55, which was claimed to be 99-01 + 0-069 _ Only 5 mi. 
were available. Boron trifluoride was obtained from the General Chemicals Corp (t's 


The olefin was introduced into a 1-1. glass bulb. The temperature was raised to about 45° in order 
to ensure that all was in the gas phase when the boron trifluomde was introduced. A dense fog formed 
immediately on comtact of the two gases and later condensed to a clear liquid. Very little tar was 
formed. The total volume of clear liquid was 30 mi 


3: 3-Dimethylbut-l-ene Polymer.—-The product, diluted with »-pentane (20 ml.) was dropped slowly 
through a column of cold doridin clay (8 mi., of 30-50 mesh, in a 10-ml. burette), to remove spent 
catalyst. The #-pentane was distilled off through a packed column, so that no components boiling above 
6).70" should have been lost. The product had 9 ca. 5 centistokes at room temperature and d ca 
82. The bromine number was 57, after correction for substitution. Thus the mean polymer size was 
approx. that of a trimer. The amount of volatile constituents was very low, only 3-5% being lost from 
a thin film at 110° during an hour, The infra-red spectrum was measured with a National Technical 
Laboratories instrument in the 5— 15-p. range 

The possibility of rearrangement of the meopenty! group after polymerization was investigated by 
carrying out a similar polymerization of ssebutene. In one case catalyst was removed within a few 
minutes, and in the other the next day. Analytica! distillations gave the same values for the respective 
constituehts, including seepentyl groups in each instance. Thus, if independent rearrangement does 
occur it must be srmultaneous with the polymerization 


Polymerization of trans-But-2-ene.0-75 Atm. of trans-but-2-ene was introduced into a bulb, and 
then an additional 0-25 atm. of boron trifluoride. The pressure d ummediately, reaching 0-40 atm 
in a few minutes. The uncondensed gas was passed through sodium hydrated asbestos (Ascarite) to 
remove the boron trifluoride, and then analyzed by infra-red methods. The remaining olefin was pure 
trans-but-2-ene within the accuracy of the method (1-—2%) 


Hat-l-ene polymerized in a 2-!. bulb at room temperature with 10-30% of boron trifluoride. The 
rate was slow, about 5—10 g. of polymer being formed per day. The product contained very little 
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fe mane te + 4 veer vl sndua! boon ticande The wopentame was evapocsted of i sparta! vecvam 
adsord the tar the residua! boron om 
tsopentane was evaporated off in a partial vacu 


Propylene was pc in like manner. The rate of formation was variable, but usually 
lene that of DOC ene The amount of volatile material with the tsopentane was less 


ces-But-2-ene was polymerized in the presence of boron trifluornde (20—30% by volume) so rapidly 
that 40-50 mi. of polymer were obtained per hour. f#ans-But-2-ene under the same conditions 
polymerized one-third to one-half as fast. However, the appearance of the products was the same. The 
polymers were purified by floridin, as above. 


tsoButene polythernsed exceedingly rapidly. With sufficient moisture present it was possible to drain 
off 150-200 ml. of polymer per hour, using equipment shown in Fig. 8 = [n subsequeat processing it was 
evident that 2 larger fraction of this polymer was lost through evaporation 


The physical properties and infra-red spectra of the polymers are given in Table I and Figs. 2-6. The 
olefins used were in most cases 90% pure, with the expected contammant saturated of acet ylemic rather 
than oletini 


Taste I 
Properties of olefin polymers formed in the presence of gaseous BF, af room temperature 
5. cotks 
Monomer we a” ef M 
Propylene : 1-448! O-7720 wo 


But-l-ene 6 

c4s-But-2-ene 7 14524 . , 228 
tvans-But-2-ene 45 14510 225 
ssoButene 6 14518 , 256 
3.3 Dimethyibut- lone . 50 (25°) - —_ 20 


14610 . a7 


Effect of Other Variables on Gas-phase Polymertszation.— Pure but-2-ene (at least 09%, about 00%, of 
ots- and 10% of trans-) did not polymerize in absence of mowture. Glass surfaces on which acetone was 
adsorbed caused a slow polymerization. The rates of polymerization obtained were erratic but there was 
no evidence for effects of temperature between 10° and 77°, or of pressure between 400 and 1500 mm 
Propylene, dried over activated alumina and passed into a dry vessel containing boron trifluoride, 
fuera more rapidly than when the monomer contained 0-5--0-6% of boron trifluoride and 0-1 

> of water vapour. Neither the rate nor the form of the rate curves was reproducible in the 
exploratory experiments with propylene 


Distillation of But-2-ene Polymer—A series of consecutive polymerizations of but-2-ene containing 
0-1—0-2% of water with boron trifluoride was undertaken, the product being combined and a precision 
distillation carried out. The highest- setae fractions were distilled with ethylene glycol as carrier 
The results were as follows 


% distilling i le w wD 75 vs 
Characterization 7 ; i“, 210° Cus Ce Cus 


Liqued-phase Polymerization of But-2-ene.—Into a 5-1. stainless-stee! fask were introduced 1500 mi 
of but-2-ene (at least 99% pure) and technical-grade isobutane An attached condenser containing 
sold carbon dioxide-acetone permitted rapid polymerization at atmospheric pressure under essentially 
isothermal conditions 


The catalyst solution of anhydrous aluminium chloride in commercial ethy! chloride, analyzed by 
Snyder's method (/nd. Eng. Chem., Anail., 1945, 17, 37), contained 1-28 equivs. of Cl~ and 1-36 equivs. of 
Al’** perl. Its addition to the but-2-ene solution caused rather violent ebullition. ina order to prevent 
loss tape = a deflated rubber balloon was attached to the condenser outlet. Keaction was 
appareatl y complete after 550 mi. of catalyst solution had been added. The tsobutane solution of 
polymer was decanted from the tar and diluted with tsopentane (which caused the = ipitation of more 
tar), and the cold solution (0°) was dropped through a I-m. floridin column. The clear polymer solution 
was distilled so as to remove batanes and peatanes As the low-boil distillates contained onl 
traces of olefins (permanganate bromine in carbon tetrachloride), nearly all the but-2-ene had react 
No products boiling between 30° and 100° were found. The tar originally obtained had a volume of 
S2mi. After | hour at 35° butane and tane, and a smal! amount of hydrogen chloride, were evolved 
the volume being reduced to 40 ml, The tar then had a df ca. 106. This materia! was hydrolysed 
at O° with ice and water, wopentane added, and the hydrocarbon fraction separated trom the water 
soluble fraction, Evaporation of the isopentane guve a heavy red oi! (17-7 g., 36%. Br no. (corrected 
for substitution), 135). The layer contained 0-444 ¢.-equivs ol Ale’? and 0-557 9 equiv, of Cl~, showing 
that most of the aluminium is present as AICI,~, which makes up 38% by wt. of the tar obtained. The 
remaining 27% were volatile constituents, mainly isopentane, isobutane, and ethy! chionde 


carried out in butane at 
The 


hydrolyzed and analyzed. 
“4867, Mi 440, and Br no. 126. 
slowly in the presence of air at 110-120". A sample, distilled with 
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ethylene glycol as carrier, gave the approximate fractions: trimer-tetramer range, 6° 
(Be no., 182), pentamer range 16%, (Br no., 176), hexamer range 19%, heptamer range > 15%, « 
octamer plus < 55%. Thus all fractions have mujtiple unsaturation. On the average, three double 
bonds per mutecale absorb bromine 

The butane-suluble polymer wag es distilled so that all portions boiling below 250° were 
taken overhead, amounting to 27% by volume of the total This more volatile portion was refractionated 
in « column of #6. 100-plates efficiency. The distillation curve is given in Fig. 9 Analytical data on 
some representative fractions are given in Table II 


Tasie il 


’ Br (Hefti % Unsatd 
equiv.* i % by C/H 
110-6"° 1100 1” 
1132 1215 y 


1160 1130 le 
126-7 530 23 


137.8 334 


ise 285 
noo 257 
1650 ws 
1a7-2 26 
190-4 218 
163 210-9 183 


* In terms of g. of of! per mol. of Br, absorbed 


19 


Infra-red spectra were obtained on the middle —— of the C, and C, hydrocarbon plateaux. The 
C, spectrum appeared to be relatively simple and could be interpreted unambiguously with the aid of 
existing spectra (A.P.1. Project 44). The approximate 

Fi. 9 composition assigned was 2:3: 4-50%, and 2:3. 3- 

Distillation curve for lower-boiling portion of ‘timethylpentane 40%, and 10% of olefins K,CCH, 
but-2-ene polymer of which only 2-:sopropylpent-l-ene and 3-methy!-2- 
ethylpent-l-ene fall within this boiling range). The 
spectrum for the C, compounds is remarkably similar 
to that of the C, compounds, so it is expected that 
most of the basic skeletal structures is the same in 
both fractions. The polymer contained C, hydro 
carbons ca. 25%. C, hydrocarbons 42%. C,, hydro 
carbons 3-3%, and C,,-C,, fractions ca.6%. According 
to infra-red spectra the higher fractions are composed 
of mixed olefins of the types KCHOCHK and R,C-CH, 
There was no evidence of RCH°CH, being present, and 
the R,C°CR, cannot be detected by infra-red absorption 





Br nos. for C,, fractions indicated about theoretical 
absorption for mono-olefins, but in C,, hydrocarbons 
at least 10-15% of diolefin was present 


Molecular-weight distribution was investigated by 
means of preliminary distillation through an 18-in 
column with small hold-up. The volatile product boil 
r) a s jo (ime up to 215° (C,,) was taken off directly. Then 
Fraction distited % ethylene glycol was added and distillation continued 

until the glycol. hydrocarbon ratio reached approx 
1. The resviual polymer contained virtually no bydrocarbons of mol. wt. less than 400 typical 
data from five comparable runs are presented in Fig. 10. Other runs showed that molecular 
weight distributions were not materially different when the concentration of but-2-ene monomer in 
butane solvent was 10, 20. or 50% 











+ 


For comparison with aluminium chiorule as a catalyst for but-2-ene polymerization, aluminium 
bromide (Westvat) was dissolved in ethy! chloride Both chlomde and bromide solutions were added 
to butene (> 09% pure; 30°) and tsrebutane (06%, pure, 70%) (both dried over activated alumina) 
until no further polymerization resulted The aluminium bromide appeared to cause less reaction 
The very sumilar results of two comparable runs are shown in Table III 


The relatively poor yield recorded in Table Ii! suggested investigation of the presence of butane or 
pentane Calkins and Stewart (/. Amer Chem. Sox 1949, 71, 4144) showed that but-2-ene was 
converted into ssebutane by 96°, sulphurte acid at these temperatures. Such compounds would have 
exaped notice with the experimental techniques thus far described 


\ 40%, solution of but-2-ene in #-butane was polymerized almost to completion with a solution of 


aluminium chioride in ethyl! chlonde (65 mi containing ©-028 mol of alumimium chionde for 500 ml. of 
butane butene The spent catalyst was adsorbed on dry floridim and the refined reaction mixture 
distilled in a 60 80-plate low-temperature column The butane butene fraction, b. p 60° to —0-5", 


was shown by mass-spectrography to consist mainly of an azeotrope containing about 10% of ethyl 
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Taste ill 
Polymerization of a WO, solution of but-2-ene im isobutane, instral volume, 500 mi 


Catalyst added, mote 
Net reflux returned, mi 


Product (butane-soluble, refined), mi 
’ e 


Probable fraction polymerize:i 
Monomer units converted ‘mol. of catalyst 
at 33-3% conversion 

° at 66-7%, conversion 
Net yield, C,-—C,, range (ml.) 
Vol. Br no. (g. per 100 ml). C,—C,, range 
Net yield, C,,-—C,, range (mi.) 
Vol. Br no. (g. per 100 mi C yg Cy, Tange 
Net yield, C,,—-C,, range (ml.) 
Vol. Br no. (g. per 100 ml). C,,—C,, range 
Proportion olefin, C,.—-Cg, range . 
Net yield, residual polymer, C,, and greater, ml! 


Frio. 10, 
M olecular-weight distribution of bui-2-ene polymers 
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41, Partial polymerssatoon anth AVC, BH, Partial polymertzation with Alt, C, Complete polymerization 
with AICI, but-2-ene 30%. D, ¢ ymerization with Allir,, but-2-ene 30% F, Complete 
polymerization with AIC), but-2-ene 50%, 


Polymer ranges . trimer ~ 9; tetramer ~ -0-4, pentamer ~0-1. hexamer ~0-6.. heptamer ~1-1 


chiornde. A set of results expected from the expernmental data were compiled on the assumption that 
no reaction other than polymerization affected bat 2-ene 
isoButane. »-Butane. But-2-ene Etc) 

Found, % Os 5 hd 
Expected, %, Os Ss 1s 
Spparently merization had proceeded sornewhat further than expected on the basis of the measured 
heat evolved, but no tsobutane or pentane was formed. It had already been ascertained that hexanes 
and anes were absent. The slight possibility remained that some but-2-cne was being transformed 
into #-butane. A allel reaction, carried out with tsobutane as a solvent, proved that if but-2-ene is 
being reduced to s-butane the rate must be less than 1% of the polymerization reaction 

Various catalyst solvents can be used for eae of butenes. Methyl chloride was 
satisfactory but the concentration of aluminium c was low (<1%). About 14% dissolved in 
ethylene dichloride, but the solution was not stable, even at —20°. Such « solution would initiate 
polymerization. »- and iso-Propyl, =, sec.-, and tert-butyl chloride were unstable in presence 
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of aluminium chioride, hydrogen chioride being copiously evolved. With sulphur dioxide, ethers, and 
other oxygen compounds aluminium chloride does not catalyze polymerization, y because of 
strong molecular-compound formation. At 406-70" butane and s-pentane dissolve appreciable 
quantities of aluminium chloride and these solutions are generaty satisfactory 

Low-temperature polymerizations of but-2-ene were carried out, with pr as the self-refrigerating 
solvent. To a mixture of propane (300 mi.) and but-2-ene ( > 99% pure; mi.) a solution (45 g./1.) of 
aluminsum chicride in ethyl chloride was added siowly, the temperature be kept at —40°. The 
polymerization rate was noticeably slower than at 0°. and the polymerization could not possibly get out 
of control when an excess of catalyst was added, yet it could be completed in less than halfan hour. The 
catalyst efheaency was a maximum at about 30% polymerization, 70 mols. of but-2-ene having reacted 
per mol, of aluminium chloride added (compare with Figs. 7 and 11). Overall catalyst efficiency was 

M that obtamed in »-betane at 0°. The molecular-weight distribution was identical up to C,,, and 
the amount of alky! transfer was the same, within experimental error. The C, traction had a no 
corresponding to 13% of unsaturation, and its infra-red spectrum indicated somewhat increased 
quantities of 2:3 4-trimethylpentane and olefin. 


Fie. 11 


Catalyst eficrency om the copolymerization of equal quantities of but-l-ene and but-2-ene im isobutane 
A, But-l-ene. B, Copolymer. C, But-2-ene 
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The interpolymerization of but-2-ene and isobutene was investigated To tisebutane (400 mil.) 


sPbutene (100 ml), and but-2-ene (10 mi.) a 0-13s-solution of aluminium chloride in ethyl chloride was 
added slowly and the amount of heat evolved by polymerization was measured by determining the 
volume of condensed solvent before returning it to the reactor. The violent reaction had completely 
subsided before 11-0 ml. of catalyst solution had been added. The amount of reflux returned (254 ml 
net) incicatod that little or none of the but-2-ene had been polymerized up to that point. The poly meric 
product had properties expected of polyssobutene formed at this temperature and dilution (»” 757 cstks 
9) O08, wf | 40408 


A similar experiment was carried out with but-2-ene as the major constituent isobutane 300 ml! 
but-2-ene 140 ml., isebut@éne 40 mi., and 6 52™-aleminium chioride in ethyl chloride. By using earlier 
data for heat evolution caused by polymerization catalyst efficiencies were calculated in terms of mols 
polymerized per mol. of aluminium chloride added. The catalyst efficiency remained high, around 
230.260, until the reaction was more than half complete; then it began to decline to levels expected of 
pure but-2-ene. The molecular weight distribution was that of ordinary but-2-ene polymer. If 
copolymerization occurs it must involve only a very small proportion of but-2-ene The two olefins 
seem to polymerize separately and successively 


Copolymerization was definite however in the but-l-ene-but-2-ene system. The but-l-ene was first 
polymerized as was the but-2-ene. But-l-ene (200 ml; 955% pure) in isobutane (200 ml.) was 
polymerized at reflux by the addition of 0-45m-aluminium chlonde solutioninethy! chloride. The catalyst 
needed to initiate the first observable polymerization was 23m). As further catalyst was added the 
rate of polymerization increased, so that when half the monomer was exhausted 400-500 mols. of but-1 
ene were being polymerized for every additional mol. of catalyst added. Thereafter the catalyst 
etheiency declined very rapidly toward zero (Fig. 11). Very little tar formed, Spent catalyst was 
removed in a flondin adsorption column, and al) solvent evaporated at 80° in a simple still. A 99% 
yield of very pale yellow oi! was obtained, having 7” 59 cstks, nf 1.4738, (9) 0-034. The approximate 
viscosity average molecular weight was 1200, and less than 5% had a molecular weight less than 400 

A series of runs similar to this established that the polymerization of but-l-ene, and the properties of 
the polymer obtained, are virtually unaffected by the presence of added mousture, the inital concentration 
wf olefin, the chemical structure of the bydrocarbon solvent, and the temperature of polymerization 
between — 40° and 0 

Copolymerization was effected by treating but-l-ene (100 ml.; 95-5% pure), but-2-ene (> 99%, 
pure, 100 ml), and ssobutane (300 ml.) with the above 0-47™-catalyst solution, and completed while 
measuring the catalyst added and the heat evolved, Catalyst efficiency curves are shown in Fig. 11 
Spent catalyst and solvent were removed. The product had »” 907 cstks., »* 08-5 cstks., and 
ap |-4660. Molecular-weight distribution of the polymer was determined as described before for 
but-2-one polymer. Comparisons are shown in big. 12 with a series of copolymers prepared in the same 
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manner but containing 5, 10, 20, and 30% of the butene portion as but-l-ene. In each of these 
cases 0-026 mol. of aluminium chionde was added as catalyst, and 75—90%, yields were obtained. 


Fic. 12. 
Molecular-weight distribution of n-butene copolymers. 
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Percentages adjacent lo the curves indicate the proportion of but-l-ene originally present 4 runs weve 
polymerized to 76-90% completion. Polymer ranges are as mm Fig. 10 
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Copolymerization constants for the but-l-ene-but-2-ene system were obtained by a series of — 
ep mag in the absence of hydrocarbon solvent. As before, the spent catalyst was adsor on 

idin clay. An analytical distillation then revealed the extent of polymerization and the composition 
af the residual olefins remaining. The results obtained from three separate runs are as follows (B, 
but-I-ene, B, = but-2-ene 


Temp Initial composition : Final composition 
3 to —5 w%, B,, 0% B, 
4° to —6 5% B,, 25% B, 
20° © i 20% B, 
o O15 + O05, » 31407" 
* In MeCl. * For other values see Simha and Wall (/. Res. Nat. Bur. Stand., 1048, 4], 521) and 
Walling, Boggs, Cumming, and Mayo (/. Amer. Chem. Soc., 1050, 9B, 48) 


In all cases the but-2-ene fraction contained 90% of cis-form, indicating again that little, if any, 
isomerization of the cts-frans-forms of but-2-ene occurs in liquid-phase polymerization 


The author expresses - t iation to the United States Commission for Education in the United 
Kingdom (for a Fulbright grant), to Dr. P. H. Plesch (for his help and advice), and to 
Messrs. Petrocarbon, Ltd (in whose laboratories the experimental work was completed) 
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723. Some Physical Properties of Pure Benzene. 
By (Mas.) S. M. Rywicka and: W. F. K. Wyewe-jones 


Carefully purified benzene has been found to have (. p. 5-525", d” 0-87806, and Jf 1.5014), 
in good agreement with the best values recently publ The value obtained for the freezing 
point of benzene is very different from that (5-493") tecorded by T. W. Richards, which clearly 
should not be used, as has sometimes been recommended, as a secondary fixed point in 
thermometry 


For many years purified benzene has been regarded as a convenient substance to use as a 
standard for the measurement of temperature and other physical properties; in particular, 
since the work of Richards and Shipley (J. Amer. Chem. Soc., 1914, 86, 1825) the freezing point 
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of benzene has been accepted as a convement sub-standard in thermometry and, despite a 
warning by Masson (Natere, 1931, 128, 726) that it was probably low, the value 5493", put 
forward by Richards as the freezing point of pure benzene, is still widely accepted. We were 
concerned with the purification of benzene for some kinetxc measurements and im the course of 
this work we determined the freezing point, density, and refractive index, and, while our original 
mtention was to accept Richard's value for checking our thermometers, we were finally 
convinced that it is undoubtedly low and consequently endeavoured to fix it with greater 
accuracy 

To obtaim pure benzene we adopted a methad which, while certainly used previously, has not 
been explicitly described and we report it in detai since the rehability of our results depends on 
the validity of our method. Essentially, we fractionally crystallised the benzene and determined 
the physical properties of the crystallised portion and the mother-liquor, and continued the 
process until the physical properties of the two portions were identical, This work was carned 
om during the late war when it was not easy to obtaim pure benzene commercially and the 
Analak benzene which we used as the starting material for most of the work evidently contained 
about 2°, of hexane or heptane. we were however fortunate in being able to obtain some of 
Kahibaum s purest benzene which, with shght purification, gave a product identical in properties 
with our other material 

Since the completion of our work there have become available the American Petroleum 
Institute's tables of the physical properties of hydrocarbons (American Petroleum Institute 
Kesearch Project 44) and also Egloff's review of these Physical Constants of Hydrocarbons 
Vol. Il, Kembhold, 1066 The table gives Egloff's selected values, our own review of the 


Mean from 
kglott hterature , Thus work 
breeging pout o49 553 
Density, d OS TROG O STQ08 
Ketractive index, «ff 1 Joogs 1 SO1SS 1 wile 1 wleal 


' Masson, Neture, 1931, 188, 726 * Voung, Pree. Roy Dublin Soe, 1910, 12. 374. * Richards, 
Carver, and Schumb, /. Amer. Chem. Soc, 1919, 4], 2019 * Gifford and Lowry, Proe. Roy. Soe, 
1928, 4,106,430. * Kaltl, Thesis, Amsterdam, 1924. * Timmermans and Martin, /. Chim. physique, 
1026, 23. 747. ° Huffman, Parks, and Daniels, /. Amer. Chem. Soc, 1930, 68, 1547. * Menzies and 
Lacoss, |. Paysscal Chem, 1932, 96. 1067. * Sugden, /.. 1933. 768. ™ Kraus and Vingee, /. Amer 
Chem. Soc. 1934, 66, S11. ™ Ziegler and Andrews, sed, 1042, 64, 2482. “ Richards and Shipley 
J]. Amer Chem. Soe., 1916, 38, 989. ™ Zmaczynski, ]. Chim. physique, 1930, 27, 303. ™“ Fock 
Grinnings, and Holton, Mur. Stand. ]. Re 1931, 6. S87. “© Krahl, danalen, 1880 203. 363 
* Williams and Daniels, /. Ameer. Chem. Soc, 1924, 6 OOS. 1025. 47, 140 


literature, the recent determinations made by the American Petroleum Institute, and finally 
our own determinations It is evident that whereas there is satisfactory agreement between the 
last three sets of values, those given by Egloft differ appreciably 


bXPPRIMENTAL 


Purification of Hemsene The benzene used in this work gave 4 negative reaction for thiophen by 
the teatin test It was however noticed that after repeated fractional crystallisation the purified benzene 
would sometimes give a positive result (brown coloration with concentrated sulphuric acid This 
indicates the presence of a substance, such as thiophen, which not only forms mixed crystals with benzene’ 
tut also is more concentrated mm the mixed crystals than tn the solution The benzene was shaken with 
five successive lots of concentrated sulphuric acid and then with distilled water until the water gave no 
whl reaction It was then refluxed with phosphoric oxide (which remained colourless) and fractionally 
listilledt?. the portion boiling within 0-1° being collected After this preliminary tr-atment the benzene 
was fractionally crystallised in the following manner Benzene (41) was cooled in Winchester bottles 
placed ta a refrigerated tank The amount of solid formed at each crystallisation was about one-quarter 

{ the total wobame the crystals were always advanced a stage in the scheme of purification and the 
nother - hquort was pushed back a stage accordu te the usual procedure the anal 
‘enzene was rather more than | ! 


volume of purthed 


In the figure are shown the values for the various physical properties of the crystals and the mother 
r dering the purification \ll these results refer to the momwt benzene and the values have no 
ute significance since fo corrections have been apphed for imstrumental errors 


s remarkable that the properties of the orgimal AnalaK benzene were co different from those of 
cnrene It seems that the mmpur'tvy must be a saturated hydrocarbor since t 


ins AJOne Can account 
decrease in all the physna! properties If we assume that heptanc um the impurity we calculate 
entage to be 2-11 from the freezing-pomt lowerme, 2:37 from the refractive index decrease, and 
m the density decreathe The agreement is close enough to justify the assumption that heptane 


very similar hvedrecarben with a bathing poont close to that of benzene is present 
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Determunation of Physwal Propertes.—(a) Refractee umdea. Refractive indices were determined on a 
Zews Pulfrich refractometer, by use of the values by the manufacturers for the conversion of angles 
into refractive indices. The instrument was with water, for which «ff 1.33300 was 
consistently obtaimed. A sodium lamp was used as a source of Mlumination 

(b) Densaty. The measurements of density were made with pycnometers according to Hartley and 
Barrett's method (/., 1911, 1072), account being taken of the correction given by Bury and (+rindley 
(/., 1928, 3297). Owing to the considerable coefhcient of expansion of benzene the control of temperature 
is important and this was done by placing the pycnometer in a Dewar vessel ummersed in a thermostat 
The temperature fluctuations of the Dewar vessel were less than 0-005 


Refractewe index of benzen. Denstty of bemsene during | veering pout of bensene 
during purtfication purification during Purification 
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\c) Thermometry. Temperatures were read on a solid-stem thermometer reading from — 5° to 30 
and graduated to 005°. by use of a cathetometer readings could be made to 0-005" This thermomete: 
had been calibrated at the National Physical Laboratory at every 5° and the maximum graduation error 
recorded was 0-02". The zero of thet ymeter was checked several (unes during the progress of the 
work and the appropriate correction applied. The thermometer was immersed to, the reading and in all 
measurements care was taken to ensure that equilibrium was properly attained Since the freezing 
point of benzene is only 4° removed from an actual calibration point, we think it probable that the 
temperature is known to 0-0) The same thermometer was used for determining the temperature at 
which the refractive index and density were measured 


This work was done at University College, Dundee, while one of us (Mrs. 5. M. Kybicka) was in receipt 
of a grant from the British Council, to whom we express our gratitude 


Kine's Cottace, Newcastis-on-Tywe Recewed, June VOth, 1950 
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724. The Thermal Decomposition of Ammonium Permanganate. 
By L. L. Brecumsnaw and F. M. Tayier. 


The induction period of the thermal explosion in air, and the kinetics of the decomposition 
im vacuo and under oil, of ammonium permanganate have been studied. The possibility of 
self-heating of the salt and of interaction of some of the products of decomposition ts discussed. 


A wumber of solid decompositions of the type A,, —> B,, + Cys have been investigated 
where 6 arises from the cation; ¢g., those of silver oxalate (MacDonald, /]., 1936, 832, 389), 
mercurous oxalate (Prout and Tompkins, Trans. Faraday Soc., 1947, 48, 148), lead azide 
(Garner and Gomm, /., 1931, 2123), lead oxalate (Bircumshaw and Harris, J., 1948, 1898), 
magnesium hydroxide (Gregg and Kazouk, /., 1949, S 36), mercury fulminate (Vaughan and 
Phillips, /., 1949, 2741), and nickel formate (Bircumshaw and Edwards, ]., 1950, 1800). Only 
a very few cases, however, have been studied where the residual! solid has its origin in the anion 
Ammonium permanganate appeared to be an interesting example of such a type, and the 
present communication describes the results obtained in a study of its thermal decomposition 
(a) in air, (6) i weewo, and (c) under oil, between 70° and 117 With this substance there is an 
obvious possibility of the oxidation of the cation by the anion, and this complicating factor was 
found to occur 
EXPERIMENTAL 


Preparation of Ammonium Permanganate.—-Since this salt is decomposed in hot solution, the best 
conditions for its preparation had to be sought. The method chosen is a modification of that of 
Christensen (Z. anorg. Chem., 1900, 24, 203). potassium permanganate (40 g.) was dissolved in boiling 
water (400 ¢.c.), and ammonium chiorue (110 g.) added; the solution was filtered hot through a sintered 
giass funnel, to remove manganese oxides, and cooled immediately in ice. The crystals were twice 
recrystallized from pure water, im the same manner 


The crystals were bright red-purple needles, up to several cm long; they became steel-grey when 
kept for 1--2 weeks, presumably owing to surface reactions. Although, when freshly prepared, they 
were pure, within volumetric accuracy, they must have been covered with a superficial layer of manganese 
oxides which could influence the decomposition. The manganese oxides filtered off from the hot solution 
were apparently pseudomorphous with the original crystals, though steel-grey in colour. On storage, 
slow decomposition occurred, although after 3 months a sample was 96%, pure with respect to 
permanganate. After 6 months, a sample was stil) mainly ammonium permanganate but it had the 
colour of iodine crystals and smelled strongly of nitrogen oxides 


Thermal Explosion im Aw.-—-The induction period of the thermal explosion was studied over the 
temperature range 06-117". The apparatus used was a vapour bath made from standard “ Quickfit 
rts, the reaction chamber being a 119 air-leak, with the lower end sealed. The other parts were a 
litre flask, a two-way distillation head, and a water-cooled reflux condenser. The liquids used in the 
vapour bath were «#-propy! alcohol (b. p. 96°), water (100°), isobutyl aleoho! (106°), toluene (110-7"), 
pyridine (115°), and »-buty! aleoho! (117°) The temperatures were checked immediately before each 
experiment Roughly 0-02 g. of ammonium permanganate was used for each experiment, this being 
enough to give a barely audible explosion 


Daring the induction period, the sample changed from a red-purple to a graphite grey in colour and 
then on explosion gave quantities of a finely divided mixture of manganese dioxide and manganic oxule. 
No ammonium nitrate could be detected in the residue. No quantitative analysis of these oxides was 
undertaken owing to diffcuties in their collection 


Three series of experiments were conducted, on large single crystals freshly recrystallized, on groups 
of freshly recrystallized crystals, and on groups of smal! crystals which had been stored for 3 weeks. 
The induction periods were longest {1 single crystals and shortest for “ old " crystals. The induction 
periods are given in the following table, each result being the average of at least three determinations. 


Time for explosion (seconds) 


Tem ‘ ve loo 110-7 115° 1i7° 
Single crystals 697 we : 175 il4 109 
Gr «ps (new) wn 40 b 1se 108 4 
Groups (old) . wr 385 140 wo 7 


A plet of log ¢ (induction period) against the reciprocal of the absolute temperature is given in Fig. 1. 
From the three paralle! straight lines an energy of activation of 27-9 keals./g.-mol. was found, together 
with values for the temperature-independent factor, 4 im the equation ¢ fe~ 2 RT, of 8-13, O84. and 
10-05 « 10°" sec. for the three types of crystals, respectively 


This modified Arrhenius relationship holds for the induction periods of the thermal! explosions of 
many explosives such as “ nitroglycerine,’ troty!, mercury fulmimate, and cordite (see Brian and 
McDowell, Trans. Faraday Soc., 1949, 46, 213). Above 100°, the explosions were sharper and with a 
short yellow flash, perhaps due to the oxidation of the ammonium ion, and the solid products were more 
finely divided and a lighter brown than the dark products from the flashless explosions below 100 
Single crystals produced black oxides at al! temperatures 
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Interruption of heating does not lengthen the actual! total time of heating before explosion 
explosion of one was sufhcient to explode the remainder, this found by adding severa! 
ee ee ge 


weight of 
not affect the induction period. 


Fis. 1. 








255 260 265 270 
wT. 
© Single new crystal. 0) Groups of old crystals x Groups of new crystals, 


Kinetics of the “ Slow" Decomposition Experiments.—The high-vacuum apparatus used in the kinetic 
experimen 


ts was similar to that used by Burcumshaw and Edwards (loc. cit.), except that a liquid bat), 
essentially the same as that used by t and T 


ompkins (Trams. Faraday Soc., 1944, 40, 489), was 
incorporated. The liquid used in the bath was either b or tol . The Jes of ammonium 
permanganate (100 mg.) were placed in a smal! glass bucket which could be lowered into the inner tub+ 
of the hquid bath a7 eens of a winch sealed on to a standard ground-glass joint. In the majority 
of the experiments kinetics were followed by ye perry rise of pressure of the permanent gases 
(O, + N,) produced after the pumps had been cut off and bucket lowered into the reaction cham ber. 





Fis. 2. 


Temp. 80° 








A. 





60 
Time, minutes. 


Results. The results proved indecisive owing to the uncertain course of the reaction. The induction 
— was followed by a brief acceleratory period during which the crystals moved about violently 
Juring this period, especially if the crystals were confined by olugging the top of the bucket with glass 
wool, some or all of them might explode. This period was then followed by a long deceleratory period 
A typical me curve is shown in Fig.2. The lengths of the induction period, in the temperature 


pressure—ti 
range examined (70—80"), were such that they fit the same t-1/T graph as the explosive induction 
periods, giving a revised value for the energy of activation of 


keals. /g.-mol. 
The slow decomposition may be expressed by the Prout-Tompkins relationship log p/(p, — p) « 
At + const. (loc. cit.), which gives ore straight line. Little 


— nape attached to this because of 
briefness of the acceleratory period and the lack of reproducibility of the results. 
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The slow decomposition produces a steel-grey solid, pseudomorphous with the —_ “7 crystals 
consisting of a mixture of manganese dioxide, manganic oxide, and ot 
the last varied enormously from experiment to experiment owimg to various factors, iacinding the age of 
the sample «©The other products were nitrogen, oxygen, nitrous oxide, nitrogen dioxide, and water. 





Fie. 3 








i A. 
So 100 150 200 250 
Time, minutes. 





Decomposition under Ou. —More conclusive were ex ments carried out with the crystals immersed 
imaninert oil, The kinetics were considerably alt as was found by MacDonald (/oc. cst.) in simiiar 
experiments on the decomposition of silver oxalate under oil. The experiments were conducted ovei the 
range 70-111", and providing that not more than 200 mg. of ammonium permanganate were used, 
explosion did not occur, The effect of the oil was, of course, to —— contact between individual 
crystals and damp down wT effects. It was independent o 


the nature of the oil used provided 
the latter was inert. Apiezon oi! B was used because the attack by ammonium permanganate on this 
oil is negligible 

100-Mg. samples of ammonium permanganate were taken as before, covered with about 200 mg. of 
oil, a rather deeper bucket being used. Care was taken during evacuation, since air trapped around the 
crystals or dissolved in the of) caused frothing which, if not controlled, could carry the crystals out of the 
bucket 

Fic. 4 





A. L 
27 28 29 -. 
wT 


The pressure-time curves show a long induction period, durimg ~which no reaction could be detected 
followed by a gradual acceleratory period, the rate building up to a maximum just before the reaction 
stops, «¢., the rate of decomposition is greatest near total decomposition. Examples are given in 
. i. 3. The best defined point on the graph is therefore the time taken to reach the final pressure (p, 

*t of log fp, against 1/7 gives a straight line (Pig. 4) from which an energy of activation of 
26 > bate s-- ae is found 





The final pressure increases with temperature but by no means regularly. As the temperature 
increases, the proportion of ammontum nitrate in the residue decreases 


A plot of log, / against ¢ gives two straight lines, showing that the equation log,, A, + comst., 
leriwed bw Garner from Semenott's degenerate chain branching theory, holds throug a the reaction 


\n example of this most unusual feature is shown in Fig. 5 No other known equation appears to fit 
these results 
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The Catalytic Decomposstion of A Nutrate —-Ammonium nitrate was shown to be formed in 
the decomposition and there was an obvious possibility of a reaction between this substance and the 
oxides of manganese also produced. A few experiments were made to investigate this point. 


The oy A used were as follows: Ammonium nitrate, “ AnalaR,” dried in a vacuum 
desiccator ; ues, the oxides frora the permanganate decomposition at 40°, manganese 
dioxide, heebeiy oun reagent boiled with dilute aitric acid to remove lower oxides; manganic oxide, 
manganese dioxide heated to a red heat in air for 4 hours. 


The apparatus sly described for the kinetics it wasused. An acc lative 

run was made at fio oa a mixture of manganese residuce and the nitrate (83 NHANO,). The rate- 
tume graph obtained by differentiating this is shown in Fig. 6. Considerable decomposition occurred, 
producing approximately a 1: 1 mixture of permanent gas and nitrous oxide. On Fig. 6 are also given 
the rate-time curve for a mixture of ammonium nitrate and manganic oxide (70 moles % NH,NO,) and 
the curve for a mixture of the salt with manganese dioxide (56 moles % NH,NO,). These grap are 
all for 0-2-g. samples of the mixtures. The gascous products from the manvanic oxide-catalysed 
decomposition were entirely nitrous oxide. The manganese residues are known t contain manganese 
<dlioxide, as it is obvious, from these experiments, that the permanent gases (O,, N,) in the product are 
produced by the action of the manganese dioxide 








Pie. 5 
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The manganese residues, manganic oxide, or manganese dioxide had no effect on the explosive 
induction periods in air of the ammonium permanganate. The experiment under oi! cannot be made 
for obvious reasons 


Discussion 


There is abundant evidence that the thermal decomposition of solids commences at nuclei, 
often on the surface, and then spreads throughout the mass, and there is no reason why this 
reaction should prove an exception. We have seen that during the initia! stages of the reaction 
the crystals become the colour of the solid products, also the kinetics of the reaction correspond 
to the first type dealt with in Mampel's theory (Z. physikal. Chem, 1940, A, 187, 43, 235); so it 
would seem that nuclei completely cover the surface before they penetrate to any depth 
Fischbeck and Spingler (Z. anorg. Chem., 1939, 241, 209), in similar work on ammonium 
chromates, observed this effect of surface decomposition to give oxides which then gave auto- 
catalytic effects. As the colour of the crystal changes to that of the products, on storage, it 
would seem impossible to obtain two samples with the same degree of nucleation, and so the 
reaction would not be expected to give very reproducible results in the kinetics experiments 

It would seem that there are two major factors influencing the course of the reaction. They 
are the self-heating effect, important because of the high heat of reaction and rather low energy 
of activation, and the interaction of the solid products. The very different reaction under oil, 
where self-heating effects are damped, shows that the normal reaction is greatly accelerated by 
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self-heating effects. The experiments in vacuo were probably under conditions where self- 
heating might be just enough to cause explosion. The fact that a large sample of ammonium 
permanganate (0°5 g.) will explode under oil at 110° shows that the effect of the oil is mainly one 
of damping the self-heating effects, and ensuring that the reaction course is more nearly 
tsotherma! 

The self-heating effects are discussed at length by Vaughan and Phillips (loc. ci/.). Garner 
(Trans. Faraday Soc., 193%, 34, 986) has postulated that localised self-heating, extended over a 
few molecules only, is a precursor of thermal explosion. This is the basis of the theories of 
Garner and Gomm (/., 1931, 2123) and of Muraour (Compt. rend., 1932, 194, 280), where the 
self-heating of a small group of molecules is said to be followed by the explosive propagation of 
chains. Vaughan and Phillips point out that the delay of explosions of mercury fulminate in 
atmespheres of bydrogen or helium (the effect being in the ratio of the thermal conductivities) 
found by Garner and Hailes (Proc. Roy. Soc, 1933, A, 189, 576) is most likely due to cooling 
effects and the damping of self-heating. They suggest that self-heating takes place on a much 
larger scale, and give experimental results to prove this point. In the present work it seems 
that general! self-heating precedes explosion, for otherwise the oil could not prevent explosion 
by damping the self-heating 

The fact that if the crystals are confined explosion is more likely to occur shows that 
explosion only follows when the heat from the reaction can no longer be rapidly dissipated. 
Self-heating effects, possibly combined with an autocatalytic effect, will therefore, explain the 
brief and rapid acceleratory period in the normal decomposition im vacuo. The kinetics are 
further complicated by the interaction between the manganese oxides and the ammonium 
nitrate produced 


Cuemistey Deragtwent, Toa Universiry, 
Evonaston, Bixeminouam, 15 [Recewwed, July 26th, 1950." 


725. The Formation of Complex Fluorides. Part II. Reactions 


in Anhydrous Hydrogen Fluoride and Iodine Pentafluoride. 
By A. A. Wootr 


The formation of complex fluorides by neutralization-type reactions in hydrogen fluoride 
and «xline pentafluoride has been demonstrated by the following reactions 
K°HF,” + H,F’ BF, « KBF, + 3HF 
K'IF,~ + IF,*SbdF, KSbF, + 2IF, 


The conductivities of some fluorides and oxy-salts in iodine pentafluoride have been 
measured 


in Part I (/., 1950, 2200) the relationship between complex formation in solution and the 
conductivity of the solvents was considered. The use of anhydrous hydrogen fluoride and iodine 
pentafluoride as solvents is described below 

Neutralization reactions would be expected to occur in anhydrous hydrogen fluoride because 
of its high dielectric constant and consequent ability to bring about ionization. The alkali 
fluorides form conducting solutions from which “ bases containing the bifluoride ion HF,~ 
can be isolated. The following “ acids” have also been obtained, although no systematic 
measurements of their conductivities in hydrogen fluoride have as yet been made: H,F-BF,, 
H,F-ClO, (Hantzsch, Ber,, 1930, 63, 1789), H,PO,F, HPO,F, (Lange and Livingston, /. Amer 
Chem. Soc, 1947, 69, 1073, 1950, 72, 1280), and HSO,F (Ruoff and Braun, Ber., 1914, 47, 646) 
These acids are of two types the fluoroborate and the perchlorate appear to be ionic solids 
containing a solvated proton, whereas the remainder are probably covalent liquids limited 
in number by the covalency maxima of the elements concerned. Anhydrous fluorosilicic 
acid, for example, with eight-fold co-ordination is unknown although the di- and tetra-hydrates, 
which probably contain the hydroxonium ion, exist 

Reactions have been carried out with acids of both types to illustrate neutralizations in 
hydrogen fluoride solution. Boron trifluoride was passed into a solution of potassium hydrogen 
fluonde in hydrogen fluoride at temperatures as low as —78° and the excess of solvent was 
subsequently removed in a stream of nitrogen. Pure potassium fluoroborate remained. 
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Similarly potassium flucrosulphonate was formed from equimolecular ts of pot 
hydrogen fluoride and fluorosulphonic acid. These reactions can be represented as follows : 

K*HF,- + H,P*BF,- = KBF, + 3HF 

K*HF,- + H,F*SO,F~ « KSO,F + 3HF 
Further examples are provided by the formation of potassium hexafluoroantimonate from 
antimonmic fluoride, and the recently described preparation of hexatfl phosphates from 
phosphorus pentachloride and metal halides in hydrogen fluoride (Woyski, /norg. Synth, 
Vol. IIL, p. 111). These reactions may well proceed by the intermediate formation of the 
“ acids" H,F*SbF,- and H,F*PF,~. Unsuccessful attempts to prepare polyhalides in 
hydrogen fluoride from iodine pentafluoride and chlorine trifluoride are described later 

There is also evidence for neutralization reactions in iodine pentafluoride although no pure 

products were obtained. Both potassium fluoride and antimonic fluoride dissolve and produce 
conducting solutions from which potassium hexafluoroiodate, KIF, (Emeléus and Sharpe, 
J., 1949, 2206), and SbF, IF, can be isolated. The latter compound is the counterpart of the 
antimony “ acid’ BrF,’SbF,~ in bromine trifluoride (Woolf and Emeléus, J., 1049, 2865). 
When these iodine pentafluoride solutions are mixed in equimolecular proportions and the 
solvent is removed under reduced pressure, a solid of composition KSbF,.0-231F, remains 
The presence of iodine pentafluoride in the product may be caused by solvolysis of the type 
demonstrated by Sharpe when bromine trifluoride was used as the solvent (/., 1950, 2007). 
The neutralization process may be represented by the following equation, which assumes the 
existence, in iodine pentafluoride itself, of the ions IF,* and IF,~ : 


K*lF, + IF StF <= KSbF, + 2IF, 








Boron trifluoride also increases the conductivity of iodine pentafluornde, and potassium 
fluoroborate was prepared by passing the gas into potassium fluoride in iodine pentafluoride. 
Attempts to isolate other acids failed. Stannic fluoride was insoluble, and although sulphur 
trioxide was freely soluble’ and increased the conductivity, only a constant-boiling mixture of 
the composition IF,,1°17SO, could be obtained from the solution. It is possible that this 
solution contains the “ acid " IF,*SO,F~. The indirect method of demonstrating the presence 
of an acid by neutralizing a sulphur trioxide solution in iodine pentafluoride with potassium 


hexafluoroiodate was, however, a failure, since the product left after removal of solvent under 
reduced pressure was not the fluorosulphonate but contained approximately one molecule of 
iodine pentafluoride. This retention of solvent was observed with other oxy-salts such as 
potassium metaphosphate, perdisulphate, and iodate. The last salt was examined in some 
detail. It dissolved readily in cold iodine pentafluonde without evolution of oxygen, and since 
its equivalent conductivity decreased proportionally to the square root of its concentration in 
this solvent it behaved in the norma] manner of a salt in aqueous solution. The pure iodate 
could not, however, be recovered from these solutions even after several hours’ heating t# vacuo 
at 200°; the products always contained appreciable amounts of iodine pentafluoride. The 
solid sodate itself absorbed iodine pentafluoride vapour at room temperature. In view of 
this retention of solvent by oxy-salts it is unjustifiable to ascribe to solvolysis the residual iodine 
pentafluoride content of the product from the attempted preparation of potassium fluoro- 
sulphonate. The pentafluoride may be retained attached to the cation as in the compounds 
(KHF)H,PO, and (KHF),S,O, described by Weinland and Alpha (Z. anorg. Chem, 1899, 21, 
60) rather than attached to the anion as in the salts K,SO,BF,, K,PO, 3BF,, and K,P,O,, 4BF, 
(Baumgarten and Hennig, Ber, 1939, 72, 1743). The possibility of iodine pentafluoride 
behaving as a co-ordinate group, analogous to ammonia for example, needs further investigation. 

In conclusion it can be seen that the preparation of complex fluorides in anhydrous fluoride 
solvents has limitations on account of both the low solubilities of thany fluorides and the 
retention of solvent arising from solvolytic or co-ordination phenomena 


EXPERIMENTAL. 
Reactions im anhydrous hydrogen fluoride 


Preparation of Potassium Tetrafluoroborate.—About 8 c.c. of hydrogen fluoride were condensed 
on 3 g. of dry potassium hydrogen fluoride in a nicke! test-tube cooled at —78° in an alcohol-carbon 
dioxide bath. The copper inlet tube, fitted through a rubber bung, was connected to the nickel 
container in series with a 2-v. accumulator and milliammeter so that the circuit was completed when the 
liquid reached the base of the copper tube. The entry of atmospheric moisture was prevented by a 
drying-tube, packed with sodium fluoride and silica gel, fitted to the outlet tube. The inlet tube was 
then lowered into the liquid, and an excess of boron trifluoride passed into the solution which was shaken, 

le 
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The excess of solvent was removed by a stream of dry nitrogen first at peed oe ga and then, 
when fuming practically ceased, at 70° for | hour. Potassium fluoroborate r (Found : K, 31-3; 
BF, 680. Calc for KBF,: K, 31-1, BF, 68-09%) 

Preparation of Potasssum Flucrosulphonate.Potassiom hydrogen fluoride (2-5 g.) and an equi- 
molecular quantity of freshly distilled fluorosulphonic acid were treated as above, to give the fluoro- 
sulphonate (Found K, 261; S, 234, F, 13-3. Calc. for KSO,F: K, 28-3; S, 232; F, 13-7%,) 
Potasssum hydrogen fluoride and flucrosulphome acid liberate hydrogen fluoride when mixed in th 
cold, but the reaction is complete only at higher temperatures. A mixture kept at 110° for 20 hours 
left only traces of hydrogen fluoride (Found : Equiv., calc. from KHF,, 137-9; S$, 23-2. Calc. for KSO,F 
Equiv., 138-2) 

Preparation of Potasssum Flucroantimonate.—Equtvalent quantities of potassium hydrogen fluoride 
and antimony pentaflucride yielded the fluorcantimonate when the above technique was used (Found 
Sb, 43-5, FP. 42-1. Cale. for KSbP,: Sb, 44-3, F, 41-56%). The reaction between barium chloride and 
mn oye pentachioride was incomplete under the same conditions. The residue contained only 
23.0%, of fluorine and large quantiti’s of chiorine (Calc. for Ba(SF,),: F, 37-4%) 

Reactions with Halogen Fluorides. —Equimolecular amounts of todine pentafluoride and potassium 
hydrogen fluoride were dissolved in hydrogen fluoride. The residue after passage of nitrogen for 3 hours 
at room temperature was still liquid. A farther 3 hours at 70° left a fuming white solid which by its 
rapid action with glass showed the presence of free hydrogen fluoride (Found: K, 10-3; 1, 38-3; F, 520 
Cale. for KIF, WK, 140; 1,453; FF. 40-7. Cale. for KHF, K, 50-6, F.48-7%). The analysis alone is 
insufficient to fix the composition of the residue, since even if a complex fluoride of HF and IF, could be 
isolated it could ionize as either H,F*IF,” of IF,°HF,~ and thus give rise to different products in a 
neutralization reaction. Such a complex could not be prepared by passing nitrogen at 20° through a 
solution of iodine pentafluoride ia hydrogen fluoride in order to remove free hydrogen fluoride. lodine 
pentafluoride remained (Found 1, 57:3. Calc. for IF, 1, 57-2%) 

Chiorine trifluoride, in contrast to the above, did not react with potassium hydrogen fluoride in 
hydrogen fluoride The residue after removal of solvent at room temperature was free from chlorine 


Reactions im vodine pentafiuoride 

Reaction with Antimome Fleoride.—Antimony pentafluoride dissolved readily in hot iodine penta- 
fluoride. The products after removal of excess of solvent at 5 mm. or in a higher vacuum were identical 
although in the letter instance some of the product distilled off. The substance was anal for rodine 
by reducing its aqueous solution with sulphurou#acid and precipitating silver iodide in dilute nitric acid 
solution. The oxidising power was found iodometrically after addition of potassium iodide and hydro 
chiore acid io the cold. The antimony was precipitated as sulphide and, after dissolution in hydro- 
chiorte acid, was titrated with potassium bromate. The fluoride was determined in the filtrate as 
calcium fluoride after decomposition with aqueous sodium carbonate. The product reached a constant 
weight after evacuation at 5 mm. for 3 hours and did not alter after a further 3 hours (Found : Sb, 27-9, 
1, 203, F, 42:7%, Equiv., 438; I liberated, 5-98 equivs./mol. SbIF, requires Sb, 27-8; I, 25-9 
F,43-2%,. Equiv. 439. [ liberated, 6-00 equivs./mol.). The product left after 4 hours in a high vacuum 
had an equiv. wt of 394 (Pound Sb, 27-0, L, 201%; I liberated 6-02 equivs. /mol.) 

The hygroscopic white solid melted sharply at 103° with shght decomposition to a blue liquid. The 
solid reacted immediately with acetone in the cold, liberating todine and producing charring, but had 
no effect on carbon tetrachloride. On warming, however, the compound dissolved with effervescence 
and the pungent fluotochlorocarbon smel! was noted 

Reachon with Sulphur Triextde,-—Mixtures of iodine pentafluornde and sulphur trioxide were distilled 
in @ small one-piece sihea apparatus. Fractions were collected when the temperature reached a 
maximum at 145-147 759 mm. The identity of the fractions obtained from different mixtures (see 
data below) indicated a constant-boiling mixture The todine was analysed todometrically, fluorine by 
the Willard-Winater method, and sulphur by precipitation as barium sulphate after the solution had 
been reduced with hydrazine bydrochiorule 


Fraction Analyse 
Mol. ratio Ii ,/S0,. (b Pp 145-147 I Ss. 


4.2 
111 : 40-4 


264 


“3s 


1 
1 
40-38 i 
1? 
Cale. for IF, 11780, 40-2 il 


Preparation of Potassium F lworcantimonate Approx, 0-01 g.-mol. each of potassium and antimonic 
fluorkies were heated under reflux in todine pentafluoride (25c.c.). Removal of the solvent at 8 mm. at 
room temperature gave the fluorcantimonate (Found: Sb, 370; F, 410; I, 89%; Equiv., 327. Cale. 
for KSbP,.0-20F,: Sb, 37-2; F, 41-5; J, 89%; Equiv., 327 

Preparation of Potassium bluoroborate Boron trifluoride was passed into 4 suspension of potassium 
fluoride (0-27 g¢.) in iodine pentafluoride (25 c.c_) with shaking After a short period of heating mos‘ of 
the solvent was removed at 20°'8 mm. and then in a high vacuum at 180 Ihe residue, analysed by 
precipitation of nitron fuoroberate, consisted of KBF, 45%, and KF 55% The nitron salt was 
identified by analysis (Found c, 0; H, 45; N, 163 Cak. for ¢ wtt,-N,} ,B Cc. wo H, 43; 
N, 140% 

Reactions with ory-salt 

Potassium Metaphosphate The solid was incompletely soluble 

residue after evacuation contained ix’ ne pentufluoride. Since 
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acetate it was free from KPF, and KPO,F, (Found: Equiv., 620; 1, 470%. Calc. for KPO,2-31F, 
Equiv., 629; I, 46-4%) 


Potasssum Persulphate.—This was also insoluble in iodine voride but the residue 
contained about one mole of the pentafluoride (Found : Equiv., 498, 1, 25 Calc. for K,S,0,,1 021F, : 
Equiv., 498; I, 26-09%). The latter was determined as silver iodide since the persulphate itself slowly 
liberates iodine from potassium iodide. The slow production of a nitron precipitate could not be taken 
as indicative of fluorosulphonate formation since hydrolysis of K,5,O, and IF, would produce enough 
fluorosulphonate ion to give a positive test 

Potassium lodate.—This was readily soluble in iodine pentafivoride, but no ox 


was evolved 
The residues left after evacuation even at high temperatures retained upwards of half a molecule of 
pentatluonde 


Potassium iodate and iodine pentafluoride were kept for a fortnight in separate platinum crucibles in 

a desiccator. The iodate absorbed nearly its own weight of pentafluoride, was not 

homogeneous, however. The failure of iodine pentafiuoride to displace oxygen from potassium jodate 

4 su in view of the formation of the diflucroiodate when it is treated with aqueous hydrogen 
vor ° 


Conductivities im todine penta fluoride. 


A redetermination of the solvent conductivity at 25-0", an all-silica apparatus be: used for 
urification, gave a lower value (1-53 x 10°* ohm™‘cm.') than has been obtained previously (Banks, 
imeléus, and Woolf, /., 1949, 2861) 

Aatimonic fluoride (0-045 g.-mol./1000 g. of solvent) increased the conductivity to 114 x 10 at 
25° and 93 «x 10° at 125°. A solution saturated with boron trifluoride had a conductivity of 
3-55 « 10°* at 25°, and a sulphur trioxide solution (1-71 g.-mol./1000 ¢.) gave a value 860 x 10*, 
Heating of solutions was avoided in order to avoid spurious increases resulting from attack on the cell. 


Conductivity of KIO, in IF, at 25° 
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The following values obtained for potassium iodate solutions are plotted against concentration in 
curve I 


Mol. KIO,/L. IF, . svevee ©0107 00212 0-0318 06-0428 
Conductivity of solution-solvent at 25°  .......cccccceecee BOT 6-07 8-52 10-75 
The following values, obtained from this curve, are plotted in curve II 
Mols. KIO,/1. IF, (¢) ct. Equiv. conductivity Mols. K10,/1. IF, (c). c&. Equiv. conductivity. 
0.0050 . 6071 : 0018 0-123 20-3 
0.0075 0-087 0-0175 0-132 29-1 
0-0100 0-100 0-0200 oll 285 
O-O125 O112 








The extrapolated value for the equivalent conductivity at infinite dilution is 36-5. 
On electrolysis solutions of m iodate liberate iodine at the cathode, and direct current 
measurements show that Ohm's law is not obeyed. 


The author is indebted to the Department of Scientific and Industria! Research for a maintenance 
grant and to Professor H. J. Emeléus, F.R.S., for advice. 
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726. Hydrated Calcium Silicates. Part I. Compound 
Formation at Ordinary Temperatures. 


By H. F. W. Taytor. 


Hydrous calctum silicates prepared at room temperature amorphous, but X-ray 
photographs show that compounds are formed having of 


phase varies between a ximately 


Tue system CaO-SiO,-H,O is of considerable interest in pure and applied chemistry, and in 
geochemistry, if for no other reason than the abundance and accessibility of the materials 
involved. In particular, calcium silicates are the principal constituents of Portland cement and 
are the compounds chiefly responsible for the setting and hardening actions on mixing with 
water. Knowledge of the hydrated system is therefore essential to the understanding of these 
processes 

Earlier Investigations.The study of the sys at ordinary temperatures is made difficult 
by the indefinite nature of the substances involveg, and although numerous investigations have 
been carried out, considerable doubt remains régarding the results. Previous studies have 
recently been reviewed by Steinour (Chem. Reviews, 1947, 40, 301), and it is apparent that much 
of the recorded work is open to serious criticism and that very large discrepancies exist between 
the results of even the most recent investigations. Thus, Bessey (“ Symposium on the Chemistry 
of Cements,” Stockholm, 1938, p. 178), obtained evidence from phase-equilibrium data for the 
formation of two distinct phases, having compositions CaO,SiO,,aq.—3CaO,2SiO,,aq. and 
2CaO,SiO,aq. The latter was found to exist in equilibrium with saturated calcium hydroxide 
at 17°. Beitlich (J. Amer. Chem. Soc., 1938, 60, 1832), however, considered that only a single 
phase existed in equilibrium with aqueous solutions in this region and that its composition 
varied between 4CaO,5S5i0O,,aq. and 2CaO,SiO,,aq. Cirilli (Ric. sei., 1939, 10, 1042), on the 
basis of X-ray powder data, also rejected Bessey’s view that 2CaO,SiO,,aq. existed as a distinct 
phase but considered the limits of composition of the other phase to be CaO,SiO,,aq. and 
3CaO,25i0,,aq. Roller and Ervin (J. Amer. Chem. Soc., 1940, 62, 461) reached a similar 
conclusion but believed, as did Beitlich and also Flint and Wells (J. Res. Nat. Bur. Stand , 1934, 
12, 751), that a further phase, poorer in lime than CaOQ,SiO,,aq., could also be formed at room 
temperature 

Bessey, who alone among the previous investigators studied materials prepared by essentially 
different methods, considered that reproducibility in the phase data could be obtained. On 
the other hand, Steinour, while pointing out the possibilities of experimental errors in some of 
the investigations, also suggested tentatively that the differing lime : silica molar ratios of solid 
phases, supposedly in equiliorium with solutions of the same concentration, might be due to 
differences in their colloidal properties. 

Degree of Crystalline Character.-Hydrated calcium silicates prepared at room temperature 
nermally appear completely amorphous or gel-like under the microscope. A few optical 
investigations, discussed by Steinour (loc. ci.), indicated the formation of needles instead of 
or as well as the gel, but the conditions necessary for this are not clear and attempts by variqns 
workers to reproduce certain of these preparations have been unsuccessful. More recently, 
electron-microscope studies by Radczewski, Muller, and Eitel (Naturwiss., 1939, 27, 807), 
Shepeevich, Gildart, and Katz (/nd. Eng. Chem., 1943, 35, 1178), and McMurdie (unpublished 
work quoted by Bogue, The Chemistry of Portland Cement,” Reinhold, 1947) have given 
indications that the gel itself may have a degree of crystalline character although, as Bogue 
points out, the results so far obtained by this method are inconclusive. More definite evidence 
of crystallinity has arisen from the X-ray powder studies by Chassevent (Compt. rend., 1934, 
199, 673), Brandenberger (Schweiz. Archiv, 1937, 8, 239), Forsen (' Symposium on the Chemistry 
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of Cements,” Stockholm, 1938, 389), Cirilli (foc. cst.), Stratling (Zement, 1940, 39, 427, 441, 455, 
475), McMurdie and Flint (j/. Res. Nat. Bur. Stend., 1943, 31, 225), and Brocard (Ann. Jnst. 
Tec. Bat. Trav. Pub., 1948, No. 1, 1). While nearly all the patterns obtained show a general 
similarity, all, as will be shown, are incomplete and some include spacings due to other substances. 
No attempts to interpret the data have been recorded. 

The Present Investigation._This was andertaken because it appeared impossible to make 
any progress with further problems, suc’ as the degrees of hydration and structures of the 
compounds, until the phase equilibria -ad X-ray data had been established with greater 
precision. A systematic study of hydrated calcium silicates prepared at room temperature by 
various methods was therefore carried out. This has made possible more conclusive 
identification of the compounds and know/).dge of their limits of composition, and has yielded 
some indications regarding their structures. 

Preparation of Hydrated Calcium Silicates—Samples for phase equilibrium and X-ray 
investigation were prepared by decomposition of anhydrous tricalcium silicate, by reaction of 
calcium hydroxide solution with silica gel, and by double decomposition of calcium nitrate with 
sodium silicate. The products were white powders which appeared amorphous under the 
polarising microscope except for traces of calc;um carbonate and, in the case of samples C6 and 
C7 (below), of calcium hydroxide. Analytical data are given in Table I. Following Roller 
and Ervin (loc. eit.), it was assumed that the carbon dioxide was present as calcium carbonate 
and the values given for % CaO and CaO/SiO, in ‘fable I and elsewhere in this paper exclude 
CaO present in this form. In the case of samples made by double decomposition the small 
amounts of Na,O present as impurity are included in the values given for CaO, since 
investigations by Kalousek (/. Res. Nat. Bur. Stand., 1944, 32, 285) suggest that some 
replacement of lime in hydrated calcium silicates by soda can take place. The correction is in 
any case of little significance 


Taste I. 
CaO, % CaO SiO, 
Method of preparation Ss : (corr.). SIO, %. HO, %. CaCO, ® (corr.). 


e 
Tricalcium silicate and water 


Calcium hydroxide and silica gel 


Calcium nitrate and sodium silicate 


SSENEty ¥ 


* Contained a trace of unchanged tricalcium silicate 
Na,O was determined separately in two cases; C5, 06-33% and C7, 06-31%. 


Investigation of Phase Equilibria. Equilbria between the solid phases and aqueous solutions 
were investigated by shaking weighed amounts of the above preparations with water or calcium 
hydroxide solutions. In other experiments silica gel was shaken directly with calcium hydroxide 
solutions. From the initial and final concentrations of calcium hydroxide and silica in solution, 
the final lime : silica molar ratio of the solid phase was calculated in each case. The results of 
these experiments, expressed by plotting the lime: silica molar ratios of the solids against 
concentrations of lime in solution, are given in Fig. 1. Concentrations of silica in solution are 
given in Fig. 2. 

Attainment of Equilibrium.—-The existence of equilibrium in these experiments was 
demonstrated by the following tests: (i) Out of over 100 separate experiments all but a few 
gave results in fairly good agreement with each other, as shown in Fig. 1. In the few cases (not 
shown in Fig. 1) in which divergent results were obtained, repetition of the experiment with a 
longer period of shaking nearly always gave results in agreement with the remainder. 
(i) Consistent results were obtained by the use of eleven different samples prepared by three 
distinct methods. (ii) Satisfactory agreement was obtained between experimental points 
obtained by the decalcification of lime-rich samples, such as C7, and points obtained by addition 
of lime to silica gel or lime-poor materials such as C3. (iv) In many cases pairs of points very 
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near together in Fig. 1 represent the results of experiments which differed only in the period 
of shaking 
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extension 


Time needed to reach equilibrium This was found to vary between a few days and several 
months, according to the nature of the initial material and the change in concentration of the 
solution which was involved, Small adjustments in the composition of the solid took place 
rapidiy but large changes were often very slow. Different preparations varied markedly in 
this respect, the silica gel sample (51) taking up 1°38 mols. of lime in 26 days, whereas with the 
hydrated calcium silicate preparation C3, continuous shaking for 68 and 80 days respectively 
was needed to obtain the points having CaO SiO, values of 1-45,and 1:33 


e 
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Results of Phase-equilibrium Experiments —It is probable from the above considerations 
that, in the case of solid phases having CaO/SiO, below about 1:5, the curve drawn in Fig. 1 
approximates closely to equilibrium conditions. In the case of solids having CaQ/SiO, greater 
than 1°5 it appears likely, for reasons discussed later, that only those points obtained by the 
use of samples A4 and A5, prepared from tricalcium silicate, represent true equilibrium. The 
true equilibrium curve cannot however differ greatly in this region from that shown in Pig. I 
since the concentration of lime in solution cannot exceed the solubility of calcium hydroxide. 
Owing mainly to the influence of particle size it is difficult to decide upon the value for this 
quantity which is most appropriate to the present case. Bassett (/., 1934, 1270) obtained the 
value 0°0213M. for coarse particles at 18°, msing to 0-0236m. for very fine particles. The former 
value alone refers to a thermodynamically stable and reproducible condition, and is possibly to 
be preferred 

X-Ray Investigation —Powder photographs were taken of all the samples listed in Table I 
and of 24 solids recovered from the phase-equilibrium experiments. In the latter, the moist 
solids were placed in cells having walls of mica: this prevented attack by atmospheric carbon 
dioxide or deposition of calcium hydroxide by evaporation of the solution, and avoided the 
danger of altering the composition of the solid by complete removal of the solution 

Preparations from tricalcium silicate, CaO /SiO, below 165. The X-ray pattern of sample A2 
is given in Table Il. Patterns identical with this were given by samples Al and A3 
with additional very weak lines, attributed to calcium carbonate, at 1°92 and 1°86 4. in the case 
of sample Al. The lines were broader than those given by normally crystalline substances 
under comparable experimental conditions and, as compared with zinc oxide, exposures of 
about ten times as long were needed to produce photographs of comparable intensity. The 
spacings were, however, sharp enough to allow measurement without difficulty to the degree 
of accuracy given in the table 


Taste Il, 


Sample A2, obs Sample Bl, obs Calculated. 
Spacing, Intensity * Spacing. a Intensity. * Spacing, a. Indices. 


110 
200 


“—— or FSF 


* vs = very strong; s = strong; ms « moderately strong; m — moderate; mw = moderately 
weak; w= weak; vw = very weak; d = diffuse. 


Some early preparations made from tricalcium silicate contained traces of unchanged starting 
material. This could easily be recognised in the X-ray photographs not only by the positions 
of its stronger lines but also‘by the fact that, on account of the greater size of the crystalline 
particles, these lines had a much rougher appearance than the remainder 

Preparations made from silica gel or by double decomposition. The X-ray pattern of a sample 
(Bl), made from silica gel, is also given in Table Il. It was almost identical with that of 
sample A2, but several of the lines were more diffuse than the remainder, and the longest observed 
spacing was increased from 100 to 11°54. Patterns very similar to this were given by the 
samples prepared by double decomposition, and by solids recovered from phase-equilibrium 
experiments in which these had been used, provided that the lime : silica ratio of the sample 
when subjected to X-ray analysis lay between about 0°5 and 1°65. Slight variations were 
observed in the patterns of these samples. The longest spacing appeared to vary between 
about 11-0 and 125., and the 5°34. spacing varied in intensity from very, very weak to 
moderate. The reasons for these variations were not discovered; they did not appear to be 
related to differences in lime : silica ratio. In a very few cases of samples isolated from phase- 
equilibrium experiments additional very weak lines were observed. One sample having 
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CaO /Si0, = 1:05 showed limes at 3°25 and at 3°55 a., and two others having CaO/SiO, = 0°99 
and 1°17 showed one at 3694. The rare occurrence of these lines suggests the possibility that 
they may have been due to some unidentified impurity. 

Stlica-vich solids. When the limesilica ratio fell below 0-4—0°5, the X-ray patterns became 
indistinct. Samples haviag CaO/SiO, — 027 and 0°21 showed only the strongest spacing of 
303 a., together with a weak diffuse band of about the same or rather greater spacing, while one 
having CaQ/SiO, ~~ 011 showed only the band. 

Lime-vich solids. Samples A4 and A5, prepared from tricalcium silicate, had CaO/10, = 
1-90 and 1-4, respectively, and gave identical X-ray patterns (Table III) which differed slightly 
from those of the samples of lower lime : silica ratio. The most easily recognisable differences 
were the increased intensity of the 2-80 a. line relative to that of 305. and the presence of 
a relatively strong line of 1°55 a. in place of that of 1°66 a. 


Tasce IL. 
Intensity 


vw 


Attempts to prepare a product identical with these by other methods were not successful 
Samples C6 and C7, obtained by double decomposition and having CaO/SiO, = 1°80 and 2°37, 
respectively, gave X-ray photographs showing the spacings observed for lower lime : silica 
ratios together with those of calcxam hydroxide. A similar result was obtained when sample C5 
(CaO /SiO, = 1°62) was treated with saturated calcium hydroxide. The periods of shaking 
before filtration lay between 7 and 14 days in these experiments; it is possible that 
more prolonged treatment would have yielded different results 


Discussion 


Reproducibility of Phase Data.—The results given in Fig. 1 show that, although 
reproducibility is probably not of the order to be expected in the case of fully crystalline 
substances, it is sufficiently good to suggest that a close approximation to true equilibrium can 
be attained. This view was held by Bessey (loc. «i/.) and by Roller and Ervin (loc. cit.) and is in 
accordance with the considerable degree of crystalline character shown by the powder 
photographs. It is therefore probable that the wider discrepancies, at least, among the earlier 
data, are due, not to the differing particle sizes or other colloidal properties, but to experimental! 
errors, Of the 15 investigations discussed by Steinour (loc. cit.), four, those of Jolibois and 
Chassevent (Compt. rend., 1929, 188, 452), Beitlich (/oc. cit.), Tavasci (Ann. Chim. appl., 1938 
23, 413), and Nacken and Mosebach (Z. anorg. Chem., 1935, 223, 161) gave results in particular!) 
bad agreement with each other and with all the remainder. In the last two investigations th 
data were obtained from experiments in which tricalcium silicate was shaken with water, and 
Steinour (loc. cit.) has suggested that equilibrium may not have been obtained. This view 
receives support from the difficulties encountered in the present investigation both of ensurin< 
complete op ae ore of this compound and of demonstrating its absence in the product 
except by X-ray photographs, which were not used by the above workers. Beitlich used a 
silica gel containing 20% of water; experiments in the present investigation showed a silica gel 
as dry as this to react extremely slowly, and it seems probable, as Roller and Ervin (loc. cit.) have 
suggested, that here also equilibrium was not obtained. The reason for the anomalous results 
of Chassevent is not clear 

X-Ray Data.—-(i) Lame/siiea ratios 10-45. Companson of the spacings given in Table II 
with those of calcium carbonate, calcium bydroxide, and silica (Hanawalt, Rinn, and Frevel, 
Ind. Eng. Chem. Anai., 1938, 10, 457; A.S_T.M. index) shows that they cannot be accounted for 
by the presence of any or all of these substances. The strongest spacing observed is almost 
identical with that of calcium carbonate, but the strong calcium carbonate doublet 1-92 and 
1°86 a. was only seen in a sample (Al) which contained 7°6%, of calcium carbonate and was then 
so much weaker than the 305 a. spacing that the latter could not possibly have been due in 
more than a small degree to carbonate. The spacings are therefore those of a hydrated silicate, 
calcium silicate hydrate (1). The number and definition of the spacings shows that this phase 
has a considerable degree of crystalline character. The phase-equilibrium data (Fig 1) indicate 
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@ maximum lime : silica molar ratio of about 15 and a minimum value which is less rather than 
greater than 10. : 

aap er paceman Mepis Same: Ryu pare po Sino 
shows good agreement with the results of a agri, eo eu.) and especially of Stratling 
(loc. cif.), although a greater number of spacings has been recorded than by either of these 
investigators. On the other hand, Chassevent's data (loc. cif.) appear to be compatible with a 
mixture of calcium silicate hydrate (I) and calcium carbonate. Cirilli’s data (Joc. cit.) and 
especially those of Brocard (Joc. cit.) are in less satisfactory agreement with the remainder and it 
has not been found possible to account for this. Unpublished data by Bessey (private 
communication) agree closely with the results of the present investigation. The longest spacing 
of 10-—12°5 a. has not previously been reported and, as will be shown, it is probable that its 
occurrence and characteristics afford an important clue to the structure of the compound. 

The preparation studied by McMurdie and Flint (loc. cit.) was made by the prolonged 
(10-year) action of water on §-dicalcium silicate and had the composition 3CaO,2SiO,,1'5H,O. 
The dissimilarity of its X-ray pattern to those of samples made and examined in much shorter 
periods of time may possibly indicate a very slow ageing process. Flint, McMurdie, and Wells 
(J. Res. Nat. Bur. Stand., 1938, 21, 617), who described the preparation of this sample, also 
carried out a similar experiment using tricalcium silicate as starting material and state that 
X-ray photographs showed the product to be crystalline, but do not quote any data 

The independence of the powder diagram of calcium silicate hydrate (I) with regard to 
lime : silica ratio indicates that lime in excess of about 1-0 mol. is held in some manner sufficiently 
random not to influence the diffraction pattern. Certain workers, notably Bessey (loc. cit.) and 
Cirilli (Ric. set., 1939, 10, 459), have considered that solid solution occurs between CaO,SiO,,aq. 
and 3CaO,2SiO,,aq._ If this is so, the solution must be of such a kind, as was envisaged by 
Lafuma (Rev. mat. Const. Trav. pub., 1931, 1, 45), as would not affect the X-ray spacings or 
intensities. The data are, however, equally consistent with the possibly not widely differing 
view that the exvess lime is held by adsorption. 

The differences between the powder patterns of the products obtained from tricalcium 
silicate and the remainder are of a kind which indicates differing degrees of crystallisation rather 
than distinct compounds. This, together with the phase-equilibrium results, supports Bessey’s 
view (loc. cit.) that the same compound is obtained by the three different methods of preparation. 
The most nearly crystalline product is obtained by the decomposition of tricalcium silicate; 
this may be because formation of the hydrate occurs more slowly than in the other methods, or 
because the mechanism of the reaction is of a different character. 

A fourth method of preparation, which may be possible at room temperatures but has so 
far been effected only under hydrothermal conditions, consists in the hydrolysis of sodium 
calcium silicates. Thilo (250th Anniv. Lecture, German Acad. Sci., Berlin, 1950) obtained a 
product of composition CaH,SiO, by treatment of CaNa,SiO, with water at 180°. X-Ray 
. e@xamination, by the author, of a sample kindly supplied by Professor Thilo gave a powder 
photograph identical with that of sample B1 of calcium silicate hydrate (I). 

Solids of low lime /silica ratio. The existence of additional compounds, poorer in lime than 
calcium silicate hydrate (1), has been assumed by several investigators, formula CaO,2S5iO,,aq , 
3CaO,4Si0,,aq.. and 4CaO,5SiO,,aq. having been suggested (Steinour, loc. cit). The X-ray 
data obtained in the present investigation do not provide any positive support for this view 
since a sample having CaO/SiO, as low as 0°41 showed all the spacing of calcium silicate hydrate 
(I) down to 1°66. and no others. It is possible that a compound poorer in lime may exist 
which is so similar to calcium silicate hydrate (1) as to have been indistinguishable from it by 
this means, but the simplest explanation of the observed data is that products having CaO/SiO, 
below about 1:0 consist of calcium silicate hydrate (I) mixed with gelatinous silica. Roller and 
Ervin (loc. cit.) based their evidence for the existence of 3CaO,4SiO,,aq. mainly on the presence 
of a break in their phase-equilibrium curve; this could not be confirmed in the present 
investigation, although the results do not entirely exclude the possilvility of its existence. Flint 
and Wells (/oc. cit.) based their conclusions on a study of the liquid phase in which they assumed 
all the silica to be present in the form of simple ions. It seems equally probable, however, that 
the variation in silica concentration (Fig. 2) corresponding to a constant calcium hydroxide 
concentration of about 000l4m. is due, as Baylis (/. Physical Chem., 1928, 38, 1236) and 
Krasil’nikov and Kiselev (J. Physical Chem. U.S.S.R., 1944, 18, 527) have supposed, to the 
presence of varying amounts of silica in colloidal form. If this interpretation is correct, the 
concentration of silica in true solution at the invariant point is most probably that found in 
equilibrium with a solid having CaO /SiO, approaching unity, i.¢., in the order of 0-°00025m. 
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Solids of high lime : silica ratio. The X-ray powder data given in Table III for the products 
obtained from tricalcium silicate and having CaO/SiO, = 2 strongly resemble those found for 
lower lime : silica ratios and, iike the latter, do not contain any spacings which can be due 
wholly to calcium carbonate or bydroxide. In order to ascertain the minimum amount of 
calcium hydroxide detectable in admixture with the hydrated silicate, mixtures of calcium 
silicate hydrate (1) with calcium hydroxide were prepared in the dry state. X-Ray powder 
photographs of these preparations showed that the strongest spacing of calcium hydroxide 
could just be distinguished when 01 mol. of Ca(OH), per mol. of SiO, was present, while a very 
strong calcium hydroxide pattern was observed if 03 or more mols. were present. The data 
given in Table III therefore indicate the existence of a compound, calcium silicate hydrate (LI), 
which has a composition approximating to 2CaO,SiO,,aq., and a structure probably very 
similar to, although distinct from, that of calcium silicate hydrate (1). The existence of such a 
compound was first suggested by Bessey (loc. cit.) on the basis of the observation, confirmed in 
the present investigation, that the phase-equilibrium curve (Fig. 1) rises sharply from 
CaO SiO, = 15 to 20 at a concentration appreciably below the solubility of calcrum hydroxide 
The present results show, however, that even when calcium silicate hydrate (II) has not been 
formed and free calcium hydroxide is present, the concentration of the latter may be depressed 
The reason for this is not clear; since the materials used had been prepared by double 
decomposition it may have been due to the presence of traces of alkali in the solution 

The failure of several attempts by the present author to prepare calcium silicate hydrate 
(11) may account for Cirilli’s observation (Ric. sct., 1939, 10, 1042) that a preparation having 
CaO SiO, 1°67 showed in its X-ray pattern a considerable proportion of calcium hydroxide 
On the other hand, Forsen (Joc. cit), in general agreement with the present results, quoted 
powder data for a solid of composition 2CaO,5i0,,4H,0, prepared from tricalcium silicate, 
which do not appear to show the presence of any calcium hydroxide but which could be 
interpreted as indicating either calcium silicate hydrate (1) or (11), mixed probably with some 
calcuum carbonate 

Since the aqueous treatment used to produce the calcium silicate hydrate (11) samples in 
the present investigation was prolonged (5 months in the case of A5), it appears probable that 
this phase exists in equilibrium with calerum hydroxide solutions more concentfated than about 
0-020m. and that the mixtures of calcium silicate hydrate (I) with excess of calcium hydroxide 
represent an unstable though somewhat persistent condition. It is, however, also possible that 
calcium silicate hydrate (I1) is a metastable product peculiar to the decomposition of tricalcium 
silicate S 
It has not yet been established whether any formation of solid solutiohs with phase (I) or 
other variation in composition of calcium silicate hydrate (II) is possible. There is, however, 
some evidence that its maximum value of CaO SiO, cannot greatly exceed 2-0 and that it certainly 
hies well below 30. Numerous optical investigations, quoted by Steinour (Joc. cit.) have shown 
that, whereas §-dicalcium silicate hydrates in a limited amount of water with the formation of 
barely enough calcium hydroxide to saturate the solution, yet tricalcium silicate yields under 
these conditions a hydrated silicate together with a considerable quantity of solid calcium 
hydroxide. Attempts to determine the latter quantitively have proved difficult, but values 
between 0-6 and 1-0 mol. of hydroxide per mol. of tricalcium silicate have usually been obtained 
(Steinour, loc. crt.). This suggests that the maximum lime : silica ratio of the hydrated product 
lies between 26 and 24 

The behaviour of S-dicalcium silicate in the above experiments strongly supports the view 
that a hydrated dicalcium silicate can be formed at room temperature. It cannot easily be 
accounted for if, as has sometimes been supposed, the hydrated compound does not have a 
lame : silica molar ratio exceeding 1:5 

A Tentative Interpretation of the X-Ray Data of Calcium Silicate Hydrate (1) Although the 
present data do not permit of any complete interpretation, certain facts appear significant 
The spacings given in Table I can be divided into those which are in all cases relatively sharp, 
and of consistent spacing and intensity, and those which vary in one or more of these respects 
All those of the first category can be accounted for on the assumption that they are the AAO 
spacings of a ¢-face centred unit cell having @ and b axes of 5°60 and 3°60 4., respectively, the 
angle between these axes being 90°; moreover, all the 440 spacings possible for such a cell,i.¢., 
those for which (4 + 4) is even, are actually observed down to the shortest ones visible 
Although the agreement may be fortuitous, it is sufficiently striking to suggest that the true 
init cell spacings at least bear some simple relation to those postulated 

T® facts that the remaining spacings are few in number, and sometimes more diffuse than 
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the above, and that the longest observed spacing in particular can vary independently of the 
remainder, are reminiscent of the behaviour of the clay minerals (Hofmann, Endell, and Wilm, 
Z. Krist., 1933, 86, 340; Nagelschmidt, ibid., 1936, 93, 481), and could possibly admit of a 
somewhat similar explanation. It seems possibile that calcium silicate hydrate (I) has a layer 
structure in which the individual layers, in the plane of the a and 6 axes, are relatively well 
crystallised, while the distances between them represented by the 10-1254. spacing are 
less rigidly defined. Such a structure might also account for the ability of the lattice to 
accommodate varying amounts of lime without fundamental change. The postulated 4 and 5 
axes, however, differ from those found in the clay minerals, and it is probable that on account 
of its greater ionic radius, calcium is unable to replace the magnesium or aluminium of the 
latter, without bringing about a considerable change in the structure of the silicate layer 
Comparison of the postulated spacings with the unit cell of calcium hydroxide (hexagonal ; 
a = 3°584, c = 4°8964.: Bunn, Clark, and Clifford, Proc. Roy. Soc., 1935, 4, 161, 141) suggests 
that distorted calcium hydroxide lavers may be present in calcium silicate hydrate (1), The 
data are, however, inadequate for a definite conclusion 

Further investigations on the réle of the water in calcium silicate hydrates, and on the 
influence of temperature on the phase equilibria, are in progress 


EXPERIMENTAL. 


Considerable care must always be taken in the preparation and subsequent handling of hydrated 
calcaum silicates to minimise contamination by atmospheric carbon diomde. This can be achieved by 
suitable design of apparatus. The use of glass vessels has been found undesirable whenever —_ 
treatment with aqueous solutions is required (Bessey, Joc. cit.; Thorvaldson, loc. cif., p. 218), and metal or 
other inert vessels are to be preferred 


Preparative Methods..(i} Decomposition of anhydrous tricalcium silicate, 2-—5G. portions of 
tricalcium silicate (90%, passed through a 170-mesh sieve) were shaken at 17° for 3-5 weeks with 260 ml 
of carbon dioxide-free water in stainless-steel vessels of 350-ml. capacity, having caps lined with polyvinyl 
chloride. By use of a rubber bung fitted with a pipette and a soda-lime tube, 100 ml. of the solution 
were then removed and filtered, and portions titrated with acid. 100 Ml. of carbon dioxide-free water 
were added to replace the solution removed, and shaking was resumed. This procedure was repeated 
at 3-——I4-day intervals until the total amount of lime removed or in solution indicated that 
the lime : silica ratio of the solid had fallen’to the desired value. A total period of shaking of at least 
6 weeks was found necessary to effect complete decomposition of the tricalcium silicate as shown by 
subsequent X-ray analysis and behaviour in phase-equilibriam experiments. The solid was then 
filtered off by means of a Buchner funnel suitably fitted with a cover and inlet tube reaching into the 
reaction vessel to prevent atmospheric contamination, and washed with 50%, acetone followed by pure 
acetone, ether, and finally carbon dioxide-free air until all the ether had been removed. The final 
concentration of calcium hydroxide in the solution was determined 


(ii) Reaction of calcium hydroxide solution with silica gel. The silica gel (S51) was supplied by The 
British Drug Houses Ltd., and had the following composition : SiO,, 23-69; ignition loss, 75-80; Na,O, 
0-27; K,O, 007, CaO + MgO, nil; Fe, O01; Al,O, O14; TiO, 0-015%. The same a tus 
as above being used, 1-21 ¢ were shaken with 250 ml. of calcium hydroxide solution of initial 
concentration 1-245 g./1. (of CaO) for 45 days. The product was isolated as above 


(iti) Double decomposition of calcium nitrate with sodium silicate. Klasse and Kuhl (Zement, 1928, 
17, 2, 49) and Bessey (loc. cit.) showed that, provided sufficient calcium nitrate was added, the 
lime : silica ratio of the prec a was dependent on the ratio of Na,O to SiO, in the sodium silicate 
solution. 0-05-0-1 Mol. of the above silica gel was therefore dissolved in amounts of x- or 2n-sodiam 
hydroxide indicated by Klasse and Kubl's data and treated with 0-2—0-4 mol. of calcium nitrate. The 
lime : silica ratios of the products were usually in approximate agreement with those obtained by Klasse 
and Kuhl although anomalous results were sometimes obtained for reasons which have not been fully 
investigated 


The apparatus consisted of a 1-1. bolt-head flask fitted with tap-funnel, mercury-seal stirrer, inlet 
tube for carbon dioxide-free air and outlet tube reaching to the bottom of the flask which led to a Buchner 
funnel fitted with an air-tighi cover. The silica gel (SI) was first placed in the flask and carbon dioxide- 
free air drawn through the apparatus for 30 minutes. Suction was discontinued, and the sodium 
hydroxide added from the tap-funnel, followed by a little carbon dioxide-free water to wash the latter 
The silica gel was dissolved by stirring, aided if necessary by gentle warming. The flask was then cooled 
to room temperature, and the calcium nitrate, dissolved in 200 ml. of carbon dioxide-free water, was 
added. Stirring was continued for one hour, and the solid was then filtered off by reapplying suction to 
the Buchner flask. The precipitate was washed on the filter with 4—5 1. of calcium hydroxide solution 
which had itself been filtered directly into the tap-funnel to remove any carbonate present ; this quantity 
was found sufficient to remove nitrate and al) but a trace of sodium ions. The concentration of the 
washing solution varied from 0-1 g./l. (of CaO) in the case of precipitates of low lime : silica ratio to 
1-10 g./1. when the predicted molar ratio was 1-5 or above. Washing was completed with 50% acetone, 
pure acetone, and carbon dioxide-free air, and the product was removed from the funnel and a portion 
analysed. The remainder was shaken for 7—14 days with calcium hydroxide solution of a concentration 
with which Bessey'’s data (loc. cit.) showed it to be in equilibrium, the same a: tus and method of 
isolation being used as for methods (i) and (ii). This treatment was carried out because the precipitate 
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ina of calcium nitrate and sodium hydroxide. In view of 
composition id to of the solution it seemed advisable to 
approximately into equilibrium with a pure calcium hydroxide solution before it was used in 


mai was determined in the above preparations by Jones's method (/. Soc. Chem. Ind., 


Investigation of Phase ea ee te 300-Mg. portions of the initial solids were shaken continuously 
with 25 ml. of water or calcium hydroxide solations in vessels of 40-mi. capacity at 17—20°. Some of 
. plated internally with silver, and others of polystyrene, the caps being lined in 

in the type of 

off by using an 


used. Silica, where significant, was determined colorimetric 
1-J0-ml, portions by means of a Hilger “ Spekker “ photoelectric colorimeter which was calibrated by 
using sodium silicate solutions of known concentration 


X-Ray Apparatus <x -Ka radiation was obtained, either sealed high vacuum or gas X-ray 
tubes being used with a nickel filter in contact with the film. Some photographs were taken by means of 
a }cm. powder camera, but the backgrounds were heavy in relation to the more diffuse lines, and much 
better results were obtained with 6-cm. cameras designed for single-crystal work, the specimen being 
mounted either on a glass fibre ot in a mica cell. This had walls 06-0005 in. thick and 0-01 in. apart 
It gave particularly clear backgrounds in the 3—10 a. region since no pene matter was present, and 
the characteristic spots and Lave streaks due to the mica could vy be distinguished, but was 
unsuitable for the investigation of spacings (using copper radiation) shorter than about 16a. In all 
cases, exposures of 24-48 hours were necessary to bring out the weaker lines. 


Spacing were usually determined by direct measurement on the film, and intensities estimated 
visually. In a few cases this was supplemented by using a Hilger non-recording microphotometer. 


Iam mach .sdebted to Professor J. D. Bernal, F.RS., Dr. J. W. Jeffery, and Mr. R. W. Nurse (of 
the Building Research Station, Watford, Herts.), for their interest, encouragement, and advice. Part 
of the experimental work was carried oist at the Building Research Station, and I am indebted to the 
Director of Building Research for making this possible. My thanks are also due to Miss A. Goddard and 
Mr. F. M. MacConnell, of the Building Research Station, for assistance with experimental work and for 
analyses respectively, The work was carried out as part of an extra-mural contract for the Building 
Research Board ead my thanks are due to the Director of Building Research for permission to publish 
this paper 
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NOTES 
The Preparation of Some Di-(2 : 3-epory-n-propyl)amine By R. F. Homer 


Ross, Henpry, and Wacrote (Nature, 1950, 165, 993) record the cytotoxic action of a selection of 
the diepoxides prepared in these laboratories as potential tumour inhibitors; this communication 
describes the preparation of a number of di-(2 . 3-epoxy-»-propyl)amines investigated in the course 
of these researches. The synthesis of these compounds was carried out by a modification of Strukov’s 
method (KAim. Farm. Prom., 1934, No. 2, 11; Chem. Abetr., 1934, 28, 5421) by setting aside an aqueous 
solution of the amine hydrochloride (1 mole) and epichlorohydrin (2 moles) for several days at room 
temperature whereupon a thick oil or oily solid of the crude di-(3-chloro-2-hydroxypropyl)amine 
separated. This was not further purified but the aqueous layer was decanted, the oi] taken up in 
ether, and the ethereal solution dried (Na,SO,) and treated with the theoretical amount of powdered 
potassium hydroxide under reflux for six hours. Filtration of the reaction mixture and evaporation 
of the filtrate gave the crude di-(2 : 3-epoxypropyljamine which was distilled in high vacuum to yield 
the pure product as a pale-yellow oil, stable at room temperature over long periods 


In a few instances difficulty was experienced in obtaining analytically pure products by distillation, 
and the compound was then characterised as the di-(3-chloro-2-hydroxypropyl)amine hydrochloride, 
obtained in quantitative yield by leaving the epoxide overnight with dry ethereal hydrogen chloride 
The reaction product from p-chloroaniline and epichlorohydrin on distillation gave two fractions, of 
which the lower-boiling one was p-chloro-N-(2 poxypropyl!)aniline and the higher-boiling one the 
expected p-chloro-N N-di-(2 : 3-epoxypropyl)aniline Uo pete) : 3-epoxypropyljaniline polymerised 
to a hard transparent glass after a few days. The product obtained from 8-naphthylamine and epichloro- 
hydrin could not be distilled, complete polymerisation taking place when it was heated even under 
pressure as low as 3 x 10° mm. 


By this method there have been obtained, in addition to NN-(2 : 3-epoxypropyl)-p-anisidine recently 


described by Davis, Everett, and Ross (/., 1950, 1333), and the p- y! derivative described by 
“trukov (loc. ev.), the following compounds 
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NN- — eric 36%, reiates oil, b. Sag ed ey mm. (Found : 
4 asex opal PF at ae 73; N, 68%): NN-d-(2 
b. p. 146—i90"/0-4 mm. (Found : C : 
PH e78%); oot a roe dry ethereal hydrogen 
m. p. 143-145", which was 
GS oi H, 615; Cl, 32-8. Me ONC), HC) | requiece C. 
obtained similarly aig * 8." 45-75; . S65, 
N, m 6a Cl, 31-0. a4 NC HCI Saireaert Th mae 405; Cl, ; o-N-(2 : 3- 
conprapianiins aes rou ee ao = b. p. 135—142°/0-4 mm. (Fos , 003; HH, o4, 
Cl requires C, 58-9, H, 545; N, 76%; oxiran-O, 1-0 atom/mol.). 


Paste a0, A. hi Sapupinesiaaiios (10% yield), a pale-yellow oil, b. p. 178- 
eh oe — for which a satisfactory analysis could not be obtained; treatment of this ed dry 


ae oy a antiine hydrochloride, e 
me c, 41-15, H, #8; N, 466; Cl, “0. 
Cy,H,,0,NCl,, HCI requires C, 41-2; 4-85; N, 40; 7%). 


Fall details of biological tests on these compounds mea be published elsewhere in due course. — 
Impeetat Cuemtcat Inpusreres Limrrep, Researcy Lasorarorres, Brackrey, Mawcursrer, 9 
Received, September \6th, 1950.) 


Experiments with Optically Active Diphenyis. By F. Beit and G. A. Dinsmoxs. 


Tue following observations were made during unsuccessful attempts to realise a cycle of the following 
type with optically active dipheny!is (cf. Bell a and Waring, /., 1949, 1579) 


* 





A A 
ae Py ne Ce 
“—y r ee _— 


6 : 6-Dibromo-2 ; 2’-ditolyl (Me 2).—{ —)-6 : @-Diamino-2 ¥-Seety (Me 2) 45 ¢) nm WY 
hydrochloric acid (120 c.c.) was diazotised at 5° with sodium nitrite (2 g.). Excess of nitrous acid was 
destroyed with weds ted acid, and the filtered diazo-solution was added to a cold solution of cuprous 
bromide (1 g.) in 4 bydrobromic acid (10 ¢.c.). Nitrogen was evolved  ) a and after 30 minutes 
the reaction was c ompleted by heating the mixture on the steam-bath for 1 A black tar separated 
which hardened on cooling. This was taken up in alcohol and ~ pao treated with charcoal until the 
solution was a clear reddish-brown. On concentration and cooling, $s accom by tar separated 
The crystals were recrystallised twice from alcohol givin rare. @-dibromo-2 2’-ditoly! as needles, m. p 
108—110° (0-1 g.), devoid of optical activity (c, 4in ethanol, / = 1). Angeletti and Mighardi (Gazzetta, 
1935, 65, 819) give m. p. 1090—110", [ajp —6-2°, for 6 : 6’-dibromo-2 ; 2’-ditolyl obtained from (-—)-6- 
amino-6’-bromo-2 : 2’-ditoly! 

Attempts to prepare 6-cyano-6’-nitro-2 : 2’-ditoly! from 6-amino-6 ’-nitro-2 : 2’-ditolyl by diazotisation 
or from 6-iodo-6’-nitro-2 : 2’-ditolyl by heating it with cuprous cyanide in pyridine resulted in resinous or 
tarry products 

Attempts to prepare 6 : 6’-dinitro-2 : 2’-ditoly! from 6-amino-6’-nitro-2 : 2’-< 1 by Starkey's 
method (Org. Synth., 19, 40) or Hodgson's method (/., 1947, 325, 1392) were ities § 


Resolution of 3 - 5- Dinitro-6-a- . te sao Acid.—-Lesslie and Turner (J., 1931, 1189) and Wallis 
and Moyer (/. Amer. Chem. Soc., 865, 2598) have described the resolution using brucine and, owing 
to the low solubi¥ty of the salt, pent large volumes of solvent are required. — It was decided to 
examine other alkaloidal salts. Morphine in alcohol gave as crop a salt, [a),, Sy 0 awh 1 chloro- 
form), which on decomposition gave an acid, la) seer +33-3° (c, 0-60 in Chloroform 
obtained from the original mother-liquor had [a),., ~-39-0° (c, 0-54 in chloroform). a wale po ee Aer 
with quinidine again furnished as the first crop a salt of the (+-)-acid and the result appeared more 
favourvble than that with morphine. A np vie Ry led to an altogether less advantageous 
result.’ The acid (30 g.) was dissolved in (475 c.c.), and quinidine (20-5 g.) added. 
slightly cloudy solution was filtered and left overnight. The crop consisted of two types of crystal— 
yellow feathery needles (18 g.) and deep yellow clusters of mat opt ty ) of relatively Sigh epweise 
gravity. The crystals were separated rou by hand and a further mechanical separation 
effected by shaking them with a smal! of . 
needles leaving the heavy c clusters. 


The pale 
mee . ogo ack ofacd . 
hil ‘, \ gave of acid, m. p. © 


could be tified further recrystallisation, for it was strikingly ¢ 
Se boas con aden by hares megepetcibention, Se @ weocietingy orien: et thee 
inactive 

(—)-e-(6-A mino-2 : 4 nd the exams of thio —)-6-e-Naphthyl-3 : 5-dinitrobenzoic acid (5 ¢.) 
was dissolved in c or he ae pers ne mercer teeta vacuum. The acid 

was up in dry sodium azide (7-5g.) added. The 

solution was boiled for 11 hours. edten beaeee yr .) was added and the solution refluxed 
for a further 4 hours. The benzene was removed in steam, and the crude product t triturated with sodium 
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hydroxide solution (5%), filtered off, and washed with water. The crude amine was dissolved in dry ether, 
and the clear solution treated with hydrogen bromide. The hydrobromide was filtered off and decom- 
posed with dilute aqueous ammonia, and the recovered amine crystallised from aqueous alcohol. The 
product (1-2 g.) had m. p. 155-157" and ‘a)p —279* (c, 0-43 in alcohol). Wallis and Moyer (Joc. ett.) give 
4)» —202-4° for this amine prepared from the acid by the Hofmann reaction. 


Attempts to convert this optically active amine into 6-e-naphthy!l-3 : 5-dinitrobenzonitrile by the 
Sandmeyer reaction resulted in unpurifiable products.-Cot_zce or TecunoLocy, Becrast, N. IRELAND. 
| Received, August let, 1950.) 


Carbohydrate Primers im the Synthesis of Starch. By J. M. Baitxy, W. J. Waetan, and 
5S. Peat 


It ia now generally recognised that phosphorylase cannot initiate the synthesis of amylose from glucose-l 
phosphate uniess « pre-formed chain of glucose units is also present. The length of such a “ priming 
chain is of importance in respect of the mechanism of phosphorylase action, and hitherto a clear-cut 
definition of function has not been possible because of the difficulty experienced in preparing homo- 
geneous primers of known chain length. Weibull and Tiselius (Arh Kem, Min., Geol., 1945, 19, A, 
No. I) separated a mixture of “ normal" dextrins, by adsorption analysis, into fractions corresponding 
to tri-, tetra-, penta-, and hexa-saccharides. Each of these fractions showed priming activity, from 
which it was concluded that the minimum length for a priming chain is 3 glacose units (cf. Bourne, 
Sitch, and Peat, /., 1049, 1448). 


We now report that by an application of the clegant method, devised by Whistler and Durso (/, 
Amer. Chem. Soe., 1050, 4 77) for the chromatographic separation of mono-, di-, and tri-saccharides, 
we have been able to separate a mixture of dextrins derived from amylose by acid hydrolysis, and so 
have obtained pure specimens of glucose, maltose, maltotriose, maltotetraose, maltopentaose, and 
tnaltohexaose ve mixture is adsorbed on a charcoal-Celite column and the individual members are 
eluted with increasing concentrations of ethanol in water. The ethanol concentrations used were, 
respectively, 0, 7-5, 15, 20, 20-—23, and 25%. An absolute separation of the first three members and 
an almost complete separation of the other three members was achieved by a single application of this 
fractionation procedure 


The higher saccharides are slightly hygroscopic, ame c+ ened solids containing smal! amounts (1—3%,) 
of inorganic matter. Further Op eee of the saccharides are listed in the Table, concentrations being 
calculated from the amounts of glucose liberated by acid hydrolysis 


Chain length 


[aif ‘in 
(equilibrium by hypotodite Primer 
value in H,O xidation.* . activity.‘ 
(lucose 520 O-O8 o 
Maltose monohydrate 131 204 0 
167 tO] 
ise 
Mal aose 183 
Maltohexaose 2u4 


+ 


* The hypotodite method (Hirst ef al., /., 1949, 928) gave erratic results with the higher saccharides 
These values (measured with Somogyi's reagent, /. Miol. Chem, 1045, 160, 61) were obtained, in the 
cases of glucose and maltose, by comparison with the pure substances, and in the other cases by a 
correction calculated from the extent by which maltose departs from a stoicheiometrical relationship 
with glucose. ‘ For polysaccharide synthesis by potato phosphorylase from glucose-1] phosphate. 


It will be seen that maltotriose is the first member of the series which will act as a primer for poly- 
saccharide synthesis, thus confirming the results of Weibull and Tiselius. We are satisfied that this 
activity is not due to maltotetracse impurity in the maltotriose by virtue of the fact that the action 
of crystalline B-amylase for a short period (see below) does not affect the priming activity of the malto- 
triose but causes a substantia! diminution in the activity of the tetraose 


The action of s-amylase on these pure saccharides is of interest in this connection. The glucose 
and maltose fractions were entirely unaffected by this enzyme: maltotriose was attacked very slowly, 
the reducing power becoming constant at a value which was 102%, of that calculated for an equimolecular 
mixture of glucose and maltose. Maltotetraose was attacked extremely rapidly, yielding 2 moles 
of maltose (100%). The pentaose was rapidly converted into maltose and maltotriose and thereafter 
more slowly to give finally a mixture of 2 moles of maltose and one of glucose (93%). The hexaose 
vas smoothly and rapidly converted into maltose (3 moles). Ries 


By the use of maltotetraose as a primer in phosphorylase synthesis it has been possible to determine 
vith precision the relation between the blue value and the chain length of a polymer-homologous series 
t unbranched chains of the amylose type. It era that the shortest cham which gives a finite blue 
sive comtains at least ten glucose members. Within the series containing between 10 and 80 glucose 
nits per chain there is a strict proportionality between chain length and blue value. With chains of 
more than 80 members this proportionality no longer holds and a maximum and constant blue value 
* given by chains of ca. 140 of more glucose units. University Cottece or Nortu Waters, BAncor 
Reeesved, August Sth, 1900 
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The Hydrogenolysis of Dithivesters and Thioamides, By ]. Bappicey. 


A RECENT report on the hydrogenolysis of primary aromatic thioamides (Brovet, Arhic Kem., 1048, 
20, 70) has prompted the publication of some related experiments on the hydrogenolysis of dithioesters 
and of thioamides derived from primary and secondary amines. 


The hvdrogenolysis of —e St eee ee ee ee ee to 
either aldehydes (Wolfrom and Karabinos, J]. Amer. Chem. Soc., , 68. 1455) or alcohols (Prelog, 


Norymberski, and Jeger, Helv. Chim. Acta, 1946, 29, 360) according to the experimental conditions 
employed, whereas in the absence of hydrogen tic thioesters give mainly sulphides (Hauptmann 
cot Ww Toso. 72, 710). By analogy, it was considered that dithicesters 





ladislaw, |]. Amer. Chem. Soe., 
should give hydrocarbons according as follows 


RCSMe —> RCH, + CH, 


The correctness of this view was established by the very ready conversion of methyl phenyldithio- 
acetate into ethylbenzene when its alcoholic solution was treated with excess of Raney nickel. The 
inaccessible nature of dithioesters in general, however, limits the application of this reaction as a general 
method for the introduction of alkyl groups into aromatic compounds 


The hyd olysis of thioamides appears to be more complex. Primary aromatic thioamides 
are stated by Brovet (Joc. est.) to give aldehydes and ammonia t is shown here that when N -cyelo- 
hexylphenylthioacetamide is refluxed with Raney nickel in 80% alcohol ethylbenzene is the main 
product. The nitrogenous fragment was isolated as a picrate, m. p. 168°, which from its analysis was 
probably a mixture of the — of eyclohexylamine and ape payete te  oa Pheny!thio- 
acetomorpholide behaved similarly but in this case an exceilent yield of 4-ethylmorpboline was obtained 
and isolated as its picrate, 

PhCH yCS:N” 0 > PhCHyCH, 4+ 

The mechanism of the reaction has not been investigated in detail but a rently mvolves the 
fission of the C-N bond followed by ethylation of the resulting amine by ethy! aleohol; alkylation of 
amines under similar conditions has been observed previously by Mozingo, Spencer, and Folkers ( 
Amer. Chem. Soc., 1944, @@, 1859). In support of this mechanism it was shown that morpholine readily 
gave 4-ethylmorpholine when heated in aqueous alcohol with Kaney nickel. 


When the reactions were carried out in dioxan a more —— change gave mixtures of bases 
From phenylthioacetomorpholide a small amount of 4-2’-phenylethylmorpholine was isolated as its 
picrate, and N-cyclohexylphenylthioacetamide gave a low yield of NV-cyclehexyl-2-phenylethylamine, 
also isolated as its picrate 


Experimental._Hydrogenolysis of methyl phenyldithioacetate. The ester (25 g.) was added to a 
suspension of Raney nickel (25 g.) in 80%, alcohol (80 ¢.c.). Heat was evolved and the reaction was 
completed by heating for | hour under reflux. Water (150 c.c.) was added and the mixture distilled 
until most of the alcohol had been removed. From the distillate ethylbenzene (1-0 g.) separated, b. p 
136°, which gave styrene dibromide, m. p. 73°, with bromine (2 mols.) at 130°. 


N-cycloH exyliphenyithioacetamide. To a solution of cyclchexylamine (5 g.) in alcohol (10 c.c.) was 
added methy! phenyldithioacetate (9-2 g.). A vigorous evolution of methanethiol took place and the 
reaction was completed under reflux for 10 minutes. On storage the ‘hioamide crystallised as needles. 
Recrystallised from aqueous alcohol, it had m. p. 72—74° (10-5 g.) (Found = C, 71-46; H, 76; N, @1 
Cy yNS requires C, 720; H, #1; N, 60%). 


Hydrogenolyms of N-cycloherylphenylthioacetamide. (a) In alcohol. The thioamide (30 g.) was 
added to a suspension of Raney nickel (30 g.) in 80%, alcohol (100 c.c.), and the mixture refluxed for 
2 hours. Nickel was filtered off and washed with a little hot aleohol. The combined filtrate and 
washings were acidified with hydrochloric acid, diluted with water (100 ¢.c.), and distilled to half volume. 
On dilution of the distillate with water ethylbenzene separated (0-6 g.), b. p. 136°, giving styrene di- 
bromide, m. p. 73 The solutoon remaining in the distillation flask was evaporated to dryness under 
reduced pressure, and the residue dissolved in a little water, neutralised with sodium hydrogen carbonate, 
and prcric acid (2 g.) in alcohol added. When the solution was kept at room temperature a picrate, m. p. 
168. 169°. crystallised out (Found: C, 466; H, &2; N, 162. Cale. for C,H yN.C.HJO,N,: C, 440; 
H, 49, N, 17-1. Cale. for C,H,,N,ChH,O,N,: C, 47-2; H, &6; N, 15-79). 


(b) Im dioxan. The reaction was carried out in 80%, dioxan and the product worked up by the 
method described above. N-cycloHexyl-2’-phenylethylamuine picrate, m. p. 140-150", was isolated 
(Found: C, 545; H, 52; N, 124. CyH,,N.CsH,O,N, requires C, 55-2; H, 5-5; N, 12-7%). 

Hydrogenolysis of phenylihioacetomorpholide. (a) In alcohol. Phenylthioacetomorpholide (1-5 g.) 
was refluxed in 80°, alcohol (150 c.c.) with Raney nickel (15 g.) for 2 hours and the mixture worked up 
as above. A picrate, m 190° (1-6 g.), was obtained as long needles (Found: C, 42:2; H, 48, N, 
162. Cale. for CyH,,ON.CQH,O,N,: C, 420; H, 47; N, 163%). Its m was undepressed on 
admixture with 4-ethylmorpholine picrate, m. p. 190°, prepared by the met described ’ riow. 

(b) In dtoxan. This was performed as above. 4-2’-Phenylethyimorpholine picrate, m. p. 166°, was 
isolated (Found: C, 51-2; H, 4-8; N, 129. C,,H,,ON.C.H,O.N, requires C, 51-4; H, 48; N, 13-3%). 

4-Ethyimorpholine. Morpholine (3 g.) waz added to a suspension of nicke! (30 g.) in 80%, alcohol 
(100 ¢.c.), and the mixture refluxed for 2 hours. Nickel was filtered off and washed with hot alcohol, 
and the combined filtrate and washings were acidified with hydrochloric acid, then eva ited to 
dryness under reduced pressure. The residve was dissolved in water and neutralised with sodium 








Notes. 


byds carbonate, and a hot solution of picric acid (3 g.) in water (W c.c.) added. 4-Ethylmorpholine 
slerath.... .tatiand, on cooling, as needles, m. p. 190° (5-0 g.). ee 

Part of this work was carried out during the tenure of an 1.1. Fellowship at the Cinaty et 
Cam University Cuemicat Laporatoxy, Camparpce. Tue Lister Institute, Lonpow, 
S.W.1. (Received, September 8th, 1950.) 


A Method of Direct lodimation of Aromatic Compounds. By D. H. Dersysutre and 
Witttam A. WaTERs. 


bet recent! aes § . 1950, 573) that in the presence of a mineral acid aromatic compounds could 

be and a soluble silver salt, and now report that a similar 

though a considerably more concentrated acid must be taken 

he todine cation, Under conditions such as those tibed below the active iodine cation, 

substrate as it is slowly formed and consequently we consider our iodination 

and more controllable than that of Masson (/., 1938, 1708) 

ypoiedous cations ‘' in concentrated sulphuric acid that had been 

prepared by oxidising free iodine with the requisite proportion of iodine pentoxide and obtained, in 
consequence, poly-iodo-derivatives. 

It may now be suggested that the direct iodination of aromatic hydrocarbons by means of iodine and 
concentrated nitric acid T.ly, and Chatterjee, /. Amer. Chem. Soc., 1917, 39, 435) or nitrosulphonic 
acid (Varma and Panickar, J. Indian Chem. Soc., 1926, 3, 201, 342; ‘1930, 7, 503) also depends on the 
slight ionisation of iodine and the subsequent removal of iodide anions by oxidation, and not upon any 
action between the acid and the aromatic substrate 

The following preparation of m-iodobenzoic acid illustrates the essential details of our procedure 

Benzoic acid (13 g., 0-1 mol.), silver sulphate (16 g., 0-05 mol.), concentrated sulphuric acid (240 ml.), 
and a little water (30 ml.) were heated, with stirring, on a boiling water-bath. Finely powdered iodine 
(26 g., O11 mol.) was added in portions, and the heating and stirring were maintained for 8) minutes, 
during which silver iodide was steadily deposited. The resulting mixture was diluted to 2 1. with water, 
excess of iodine was removed (Na,5O,), and the solution was extracted with ether, as also was the solid 
which had ted. The extracts, after evaporation, were recrystallised from aqueous acetone and 
4 20 g. (7 ) of m-iodobenzoic acid, m. p. 185-186" (Found: C, 33-7; H, 2-1; 1, 51-4. Cale. for 

C,H,O,: C, 33-9, H, 20; 1, 61-2%). 


In the absence of benzoic acid, a mixture of sodine with silver — in concentrated sulphuric acid 
solution does not deposit silver iodide even after being kept at 100° for 12 hours. If benzene is added to 
such a mixture, precipitation of silver iodide occurs at room temperature 

It is essential to powder the iodine finely and to stir vigorously in order to minimise the coating of 


unchanged iodine particles with insoluble silver salt.—Tue Dyson Persins LABORATORY, OxFoRD 
Reecived, September Wh, 1950., 


The Optical Resolation of B-Hydroxy B-phenylbutyric Acid. By Joan A. Rew and E. E. Turner 


It was shown recently (Reid and Tarner, /., 1949, 3365) that when acetophenone, zinc, and (—)-menthyl 
bromoacetate interact in the presence of benzene, the resulting Keformatsky synthesis leads to 
(—)-menthyl #-hydroxy-s-phenylbutyrate. Total hydrolysis of the latter gives a (-+-)-rotatory 
A-hydroxy-f-phenylbutyric acid with (a), + 2-7" (¢, 7-74) or +3-15° (c, 14-35) in absolute ethyl alcohol, 
the specific rotation of the acid varying only slightly with change in conditions of the Reformatsky 
reaction. 


In order to discover the “p roximate extent of this asymmetric synthesis it was necessary to resolve 


the racemic hydroxy-acid is has now been done through the morphine salts, and it 1s considered 
that the (—)-acid has been obtained in a state of optical purity, having (a)8,, —8-9° in absolute ethy! 
alcohol (¢, 1:75), that is, approximately three times that of the Reformatsky product. The purest 
(+)-acid obtained had [a)%,, +7-5°. The partial racemate appears to have solubilities in water and 
ethyl alcohol very similar to those of the diastereoisomerides and particularly to have a solubility 
similar to that of the morphine salt of the (+-)-acid 





Experimental The (+)-acid (90 gg. 1 mol.) and morphine monohydrate (15-1 g., | mol.) were 
dissolved in 300 ¢.c. of hot water. After some hours, 15-5 g. of salt separated with [a/P,, —81-3 Five 
crystallisations of this salt from water gave a morphine salt, in rhombic prisms, ‘a Fee ~68-2° and 
«Ba —76-0° in water (c, 0-9820) (Found: C, 683, H, 69. C,,H,,O,N,C,,H,,0,.0-5H,O requires 
C, 683; H, 68%). The salt was shaken with chloroform and dilute alkali. The aqueous solution was 
extracted three times with chloroform and then once with ether. It was then acidified and extracted 
five times with ether. The combined ether layers were washed twice with water and evaporated. The 
residue became crystalline after some time and was recrystallised from light petroleum (b. p. 80-——100°) 
it had m. p. 71—72", [alB, +63° and (a)%,, +7-5°, in absolute ethyl alcohol (c, 1-660) (Found’: C, 
668 H, 70. Cale. for C,H,O,: C, 666; H, 67%) 


Concentration of the original morphine salt mother: liquor, followed by repeated crystallisation from 
water, gave a morphine salt, in spherical nodules, {a)3},, 87-8 and 4)2j,, —99-7° in ethyl alcohol, but 
maternal with this approximate rotation was more aly obtained by carrying out a partial resolution 
im water, as described above, and then recrystallising, from absolute alcohol, crops with a specific 
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rotation of about [ [@) rue 75°. This led to what is apparently the morphs salt of the os 
having [aj/#, —90-3° and [Jf —1034° in water (¢, 1000) (Found: C, 3; H, 68 
palo “ion requires C, 69-6; H, 67%). The rotation of the salt was unchanged by 
rec ; 


Decomposition of the salt in the manner described above gave the (-—)-acid, which after 
being crystallised from light petroleum (b. p. 80-100") had m. p. 70—80", [aJ%,, —80", [alfh,, —8-0° in 
absolute ethyl! alcohol (c, 1:7544) (Found: C, 668; H, 70%). Recrystalbsation from light petroleum 
did not alter the specific rotation. 

An attempt to obtain one morphine salt preferent using racemi: acid and morphine salt ia 
the nat maw ~ phe bs 3: 1, in either aqueous or alcoholic sicabalie saietion was unsuccessful. Brucine formed a 
well-crystallised salt from aqueous solution, but led to no appreciable resolution. 


We thank Imperial Chemical Industries Limited for a grant.—University or Lonvon (Beproxp 
CoLiece) Received, September 20th, 1950 











Obituary Notices. 


OBITUARY NOTICES. 
FRANCIS WILLIAM GRAY 
1874-1048. 


Peancis Witttam Gray was born at Old Machar, Aberdeenshire, on March 30th, 1874, and 
diet at Aberdeen on July 2nd, 1048. After completing his schcol education at Aberdeen 
G ammar School, Gray entered the Faculty of Arts in the University of Aberdeen in 1891 
Here he showed special ability in mathematics and graduated M.A. in 1896 with Honours in 
mathematics and natural philosophy. After spending two years, 1897-1899, as mathematics 
master at Airdrie School, Lanarkshire, Gray returned to Aberdeen University to take up the 
study more especially of chemistry and graduated B.Sc. in 1901. In the following year he was 
appointed an Assistant in the Chemistry Department, in 1904 was given the status of Lecturer, 
in 1911 was appointed Lecturer in Physical Chemistry and in 1916 became Senior Lecturer in 
Chemistry, a position which he retained until he retired in 1936 

At the time of Gray's appointment as University Assistant, the Chemistry Department of 
Aberdeen University under Professor F. KR. Japp was essentially a school of organic chemistry, 
and Gray's first research work was an investigation of certain derivatives of anhydroacetone- 
benzil. The results of this investigation were published in the 7ransactions of the Society in 
1909, and in the same year Gray was awarded the degree of D Sc. by the University of Aberdeen 
for a thesis on keto-enolic isomers of anhydroacetonebenzil and its homologues 

With his special qualification in mathematics and physics it was only natural that Gray 
should find his main interest in physical chemistry; and after his appointment as lecturer in 
physical chemistry he devoted hiraself whole-heartedly to the development of this branch of 
science. At that time instruction in physical chemistry had but a small place in the chemistry 
curriculum at Aberdeen. However, in spite of many difficulties, lack of accommodation, and in- 
sufficient apparatus, Gray succeeded in building up a fairly adequate course of instruction and also 
began research in physical chemistry. From this period dates the publication of his “' Practical 
Physical Chemistry,"’ a smal] text-book written to meet the special needs of his students and the 
conditions under which instruction had to be given. Gray's interest in the practical side of 
instruction in physical chemistry was also shown in designing an adiabatic calorimeter, a descrip- 
tion of which was published in the Transactions in 1914 

In the technique of teaching and in the systematisation of chemistry Gray was much 
interested. Believing that text-books on inorganic chemistry pay too little attention to the 
classifying and correlating of the facts with which they deal, he published in 1923 a smal! book, 
" The Chemistry Tangle Unravelled,’’ with the sub-title ‘‘ Chemistry systematised on a new 
plan based on the works of Abegg, Kossel, and Langmuir The main purpose of the book, 
which received perhaps less notice than it deserved, was to give some indication of the wonderful 
orderliness that prevails throughout the subject in spite of a few anomalies. ‘ By the tracing of 
this orderliness, the dull and uninviting drudgery of mere memorising gives place to a study that 
is fascinating and attractive 

Gray's special and most valuable contributions to science were in the field >f diamagnetics 
As early as 1914 he published in the Transactions ‘' A magnetic study of compounds of water 
and aqueous solutions but, owing to the outbreak of war and, later; te increase of teaching and 
administrative duties, Gray's research was interrupted and was not resumed until about 1925 
Using a Curie-Chéneveau balance, which he modified and improved so as to increase its accuracy 
(J Set. Instr, 1932, 9, 1; 1936, 18, 13), Gray, with great intensity of application, carried out, or 
directed the investigation of, the diamagnetic properties not only of inorganic compounds, such 
as the polychromates, polyhalides, light and heavy water, but also of a number of organic 
compounds. In a theoretical paper, published in 1930 in the Philosophical Magazine, Gray 
discussed the subject of diamagnetism and sub-molecular structure. Later, in 1935, in a paper 
(Trans Faraday Soc, 31, 1491) which may be regarded as the culmination of his life's work, 
Grav desenbed a new method of treating atomic and molecular data, whereby deviations of the 
observed diamagnetism of molecules from that calculated from the diamagnetism of free atoms 
may be used to establish the modes of linking of atoms in molecules. He also showed that 
Pauling’s theoretical and Pascal's experimental diamagnetic standards could be reconciled, and 
he enhanced theu usefulness by a new plan linking the diamagnetism with dipole moments and 
other properties It is a matter for profound regret that under the stress of intense mental 
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activity Gray's health broke. Although rest brought about an improvement of health he was 
torced to relunquish his work, the value and importance of which had received high commendation. 
He retired from active work in 1936 

During the long period of thirty-four years Gray served the pnd Department in the 
University of Aberdeen with great devotion and conscient and his assistance as Senior 
Lecturer in administering the work of the Department was of the highest value. As a teacher 
he was most painstaking and was very sympathetic with students in their difficulties. He had 
few interests outside chemistry and took no part in the general life of the University or of the 
major scientific societies. His reticence and shyness made it somewhat difficult to get to know 
him, but in time one came to recognise that beneath the surface there was a real sense of humour 
and a very kind, loyal, and self-sacrificing nature. By his colleagues and students alike he was 
held in high esteem 





Avex. Finpiay. 


JOHN SCOTT LUMSDEN. 
1867—1950. 


Joun Scorr LumMspen was born in Dundee in 1867. He was educated at the West End Academy, 
until at the age of 14 he was apprenticed in an ironmongery warehouse for 7 years, during which 
he spent his evenings attending classes in Art in Dundee High School, and also elementary classes 
in Science under that inspiring teacher of Chemistry, Frank W. Young. At the age of 21 he 
became an assistant teacher of science at the Harris Academy. He then decided that he must 
aim at obtaining a University degree, and was accordingly allowed the free time to attend the 
necessary classes at University College, where he had the good fortune to come under the inflaence 
of Perey F. Frankland who had succeeded Carnelley in the Chemistry Chair. In 1891 
he graduated B.Sc. (St. Andrews), subsequently obtaining the degree of D.Sc. In 1893 he was 
engaged in teaching and research. From 1893 until 1895 he studied in Munich in Baeyer's 
laboratory, carrying out research for the Ph.D. degree under the supervision of Einhorn. At 
that time Groth was at the height of his fame in Crystallography, and Lumsden maintained his 
interest in that subject throughout his subsequent career 

On his return from Germany he spent a short period in Mason College, Birmingham, as 
private assistant to Frankland, until in 1896 he returned to his native town as a member of 
James Walker's staff; he published several papers jointly with him, as well as papers in his own 
name. The summer of 1898 was spent in Ostwald’s laboratory in Leipzig 

In 1896 he taught Chemistry in the evening classes of the Technical College, although it was 
not until 1900 that he became really interested in technical education. Afterwards he was 
appointed Director whilst still a member of Walker's staff. Meanwhile, the Governors of the 
Technical College decided to erect a new building, the present Technical College and School of 
Art, winch was opened in 1912 with Lumsden as I’rincipal. From 1918 until his retirement in 
1929, the demands of the Technical College had increased to such an extent and were so arduous 
that his whole energy was necessarily devoted to administration for which he was admirably 
fitted 

In hes Inaugural] Dissertation, Munich (1895), he described the reduction of anisic acid which 
gave 4-ketohexahydrobenzoic acid as one of the products. This observation subsequently proved 
to be of considerable importance since W. H. Mills discovered that its oxime was capable of 
existing in optically active antimerides, whilst its ethy! ester in the hands of W. H. Perkin, jun., 
was utilised for the synthesis of both the optically inactive and the optically active terpineols. 
Amongst other researches of Lumsden were the following : determination of molecular weights ; 
modification of Landsberger’s boiling-point method (with Walker); the hydrobromides of 
undecylenic acid (with Walker); m-decanedicarboxylic acid (with Walker); soiubilitics of the 
calcium salts of the acetic acid series; the equilibrium between a solid and its saturated solution 
at various temperatures; a new vapour-density apparatus; a new form of pyrometer; the 
reduction products of anisic acid; the physical properties of heptoic, hexahydrobenzoic, and 
benzoic acids, and their derivatives; the liquid volume of a dissolved substance; criteria of the 
degree of purity of commercial toluene 

Lumsden completed 60 years of Fellowship of the Chemical Society on March 6th, 1950. He 
died on July 12th, 1950, and leaves a widow with three sons and a daughter 

Avex, McKenzie 
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